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1 Executive Summary  

With the continual growth of natural catastrophe risk in Storslysia, Relocation Station has carefully 
crafted a social insurance program capable of handling residents’ exposure to displacement 
through government-provided benefits. Storslysia’s Catastrophe Relocation and Displacement 
Program, known as the CRDP, will serve as a complement to a traditional homeowners insurance 
policy and focuses on ensuring resident safety during and after hazard events through evacuation, 
emergency, and temporary housing. Additional benefits offered within the displacement assistance 
feature will include food, transportation, child care, rental assistance for low-income families, and 
mental health support. Accompanying this will be an innovative voluntary relocation feature, 
focused on controlling costs and fatalities related to hazard events by incentivizing migration from 
hazardous regions to less hazardous regions. 

This report details the unique program features of the CRDP and clear justification behind each 
benefit. Actuarial analysis has been conducted to calculate costs related to involuntary 
displacement benefits and a voluntary relocation feature; this analysis demonstrates significant 
savings in displacement costs for Storslysia across all years if relocation incentives are provided. 
Additional risk assessment considers program risks including catastrophic annual losses, future 
environmental scenarios known as Shared Socioeconomic Pathways (SSPs), and inflation trends 
to ensure with high certainty that the program’s total cost remains securely under the budgeted 
10% of countrywide GDP. Storslysia residents remain the most important stakeholders for this 
program, and the report confidently illustrates the improvement in safety and the reduction in 
economic burden that residents can realize under the CRDP. 

This design is set for full implementation beginning Jan. 1, 2025, and will remain in place for 20 
years, with consideration to renew for future use dependent on whether displacement cost savings 
related to hazard events have been actualized. Due to the limited scope of available data used in 
modeling covered hazards, the recommendation is to maintain quarterly reports to monitor the 
frequency and severity of displacement costs as well as costs of the voluntary relocation program. 
Furthermore, hazard models should be assessed yearly while program features should be 
reevaluated every five years to ensure program solvency. As the 20-year program duration 
concludes, overall program performance, measured by resident utilization and cost savings, will 
be analyzed to determine if an extension is justifiable. 

CRDP Program Design 

The CRDP includes both a displacement assistance feature and voluntary relocation feature. 
Displacement assistance includes three main coverages, each with a  unique purpose: evacuation 
housing, emergency housing, and temporary housing. Evacuation coverage is available for 
hurricanes and wildfires because of their high severity and early evacuation warning systems. 
Following a hazard event, a government assessor will deem properties unlivable to determine if 
residents meet the qualification for coverage. Finally, it is assumed throughout the duration of 
coverage, residents will be working towards the reconstruction of their households and will exit 
temporary housing once either safe conditions are established or coverage expires. The voluntary 
relocation feature is designed to benefit households taking initiative to proactively avoid hazard-



 
 
 

 

2 related risk. The coverage and specific requirements of both programs are delineated below, as 
well as incentives for residents to participate in voluntary relocation (see Figure 1). 

Figure 1: The CRDP Decision Process 

 
Displacement Assistance Feature 
Displacement due to natural hazards can last for weeks and has traditionally been a financial 
burden for residents. To support the people of Storslysia, the displacement assistance feature 
provides financial and logistical support for housing, food, transportation, and other living costs. 
Below is an overview of coverage and qualifications: 
• Basic Necessities: Up to 90 days (dependent on hazard) of post-hazard housing, temporary 

goods, food, and transportation is available. Coverage is included for the duration of 
evacuation, emergency, and temporary housing. 

• Child Care: Coverage is available to heads of households with children below age 10. 
• Housing Relief and Wage Support: Full wage and housing relief is available for those below 

the poverty line throughout the duration of coverage. 
• Mental Health Coverage: Up to 6 months of clinical visits with a licensed mental health 

professional is available to all displaced residents. 
 
Impoverished persons are twice as likely to live in areas highly susceptible to catastrophe damage 
and often reside in more fragile housing (Amburn). For this reason, impoverished persons are 
expected to be displaced at a higher rate and therefore are given additional coverage to avoid 
further financial hardship (see Appendix A for details). 

Displacement assistance is available to residents affected by the following hazards: hurricanes, 
wildfire, landslide, flooding, tornado, precipitation and wind (see definitions in Appendix B). It's 
important to note that the CRDP does not cover relocation due to heat and drought due to the high 
risk of moral hazard. Certain hazards such as hurricanes or tornadoes have proven to consistently 
cause higher damages, more fatalities, and more injuries. For this reason, more severe hazards are 
assumed to cause the displacement of more residents for longer periods of time. Appendix A details 



 
 
 

 

3 the breakdown of duration by hazard for evacuation, emergency, and temporary housing. To 
receive displacement assistance coverage, residents can relocate to any emergency and evacuation 
housing center. From there, residents must file a claim to be admitted into temporary housing. 
Once coverage has expired or residents return home, participants can file for reimbursement for 
all covered expenses incurred during displacement. 

Voluntary Relocation Feature 
The voluntary relocation feature encourages Storslysia residents to relocate to less hazardous 
regions, offering a buyout program and coverage for moving costs. Prior to utilizing the voluntary 
relocation feature, residents will submit applications if electing to proactively relocate, which will 
be reviewed by government assessors to ensure that the move is from a hazardous region (2, 3, 5) 
to a less hazardous region (1, 4, 6) and that the property is undamaged.    

As an incentive to encourage relocation from hazardous regions, the CRDP buyout program 
will  offer Storslysia residents the assessed value of their property. When the Storslysia 
government acquires properties through the buyout program, it will inhibit future occupancy of 
the properties. This will decrease the utilization of the displacement assistance feature and the 
number of injuries and fatalities, as fewer residents will live in hazardous regions. The Storslysia 
government can decrease net cost of the buyout program by repurposing the acquired properties. 

CRDP Modeling and Pricing 

Hazard Models 
Projecting the expected costs of the displacement assistance feature required modeling of property 
damage for hazard events throughout the program duration. Hazard events were first grouped into 
overarching hazard categories, aligning with coverage design and shared weather characteristics 
(see Appendix C). After data transformations were applied, property damage from each hazard 
category was analyzed separately within each region, creating a two-dimensional modeling 
process for losses that considered the influence of both hazard and region. This methodology was 
motivated by the varying frequency and severity experience not only across hazard types but also 
across regions (see Appendix D). 

Winter weather hazards tail off in more recent years, motivating the use of exponential time series 
smoothing (ETS) techniques to model total loss within each region. This model selection captured 
the noticeable relationship between time and total loss and also handled the non-stationarity within 
the data (see Appendix E). However, the sparseness of annual data for other hazard categories 
prompted the use of other parametric approaches for both loss frequency and severity (see 
Appendix E). The zero-inflated Poisson distribution was the predominant choice for frequency 
modeling, though hazard types with few occurrences were instead modeled with a Poisson 
distribution. Severity distributions were tailored to each region and hazard with Gamma and 
Weibull distributions as common choices. 

Once each hazard type was modeled within each region (see Appendix F), 50,000 simulations for 
total cost per hazard were generated for each year within each region in accordance with a full 
credibility standard (see Appendix G). For winter weather events, losses were instead projected 
using bootstrapped versions of the respective time series instead of random sampling from a 



 
 
 

 

4 parametric distribution. The simulations were aggregated to create a loss distribution for projected 
property damage each year of the program duration (see Appendix H). 

Economic and Demographic Models 
Inflation rates were projected for the duration of the program using an ARIMA model based on 
Storslysia’s historical average annual inflation rates. These projections were applied to accurately 
reflect program costs and countrywide GDP over the 20-year program duration (see Appendix I). 

Worldwide GDP projections for each Shared Socioeconomic Pathway (SSP) were sourced from 
the Intergovernmental Panel on Climate Change’s (IPCC) SSP dataset (Riahi et al.). This dataset 
provided projections by decade; however, worldwide GDP by year was necessary to determine the 
budgeted 10% of Storslysia GDP allocated to the CRDP. Quadratic models were fitted to the 
IPCC’s existing projections to determine worldwide GDP in intermediate years. Each year of 
worldwide GDP was converted to Storslysia GDP using the ratio of the two GDPs in 2020. For 
each SSP, this ratio deviated slightly, as the worldwide GDP in 2020 differs under each 
assumption. See the detailed procedure and projected Storslysia GDP in Appendix J. Using similar 
methodology, Storslysia population by year was also projected for the program duration (see 
Appendix K).   

Migration Simulation 
One key component within the modeling process was projecting migration rates and regional 
populations across years. Markov chains were selected to model regional populations and 
migration patterns based on academic literature regarding migration (Huang and Unwin). In these 
models, regions corresponded with Markovian states, and a transition matrix was constructed to 
describe migration between regions using several weighting transformations (see Appendix L). Of 
note is the environmental preference transformation, where individuals are more inclined to 
migrate to regions with different hazard types than their current region (Sheldon and Zhan).  

Implementing the voluntary relocation feature, which incentivizes moving from 
hazardous  regions (2, 3, 5) to less hazardous regions (1, 4, 6), required the creation of a second 
transition matrix (see Appendix L). The probabilities of migration are adjusted in the transition 
matrix, doubling the probability of favorable transitions (moving from hazardous to less hazardous 
regions) and halving the probability of unfavorable transitions (moving between hazardous 
regions). These probability adjustments aligned with program responses from the US-based 
Kentucky Relocation Assistance Program (Jia et. al.) and the anticipated desirability of Storslysia’s 
voluntary program incentives. Appendix M provides the process to project regional populations 
and migration yearly with and without a voluntary program.  

Figure 2 below illustrates how the voluntary relocation feature would redistribute Storslysia’s 
population to reduce involuntary displacement and associated cost (see Appendix N). At the 
program start, only 43% of individuals reside in less hazardous regions (1,4,6). If a voluntary 
relocation feature is added, 54% of residents will be located in less hazardous regions (shaded in 
blue in Figure 2) by 2045 compared to only 44% of residents if no voluntary relocation is offered. 

 
 



 
 
 

 

5 Figure 2: Population Proportions With and Without Voluntary Program 

 
 
Displacement Assistance Feature Cost Estimation 
The expected costs of the displacement assistance feature account for the number of persons 
displaced and the displacement cost per person by region and hazard as shown in the equation 
below. Once these figures were determined, they were integrated with the projected property 
damage and then scaled to capture migration patterns as a result of the voluntary relocation feature. 

 

The hazard data provided by the government of Storslysia includes property damage, injuries, and 
fatalities by hazard. To determine the number of persons displaced per hazard category for the 
calculation above, property damage in the dataset was converted to persons displaced per hazard 
using external data from the US Census Bureau and the National Oceanic and Atmospheric 
Administration (NOAA). Next, each benefit was priced per hazard category and then aggregated 
to create a displacement cost per person unique to each region. Per the equation above, these two 
values were then multiplied to determine the cost of the displacement assistance feature for each 
region (see Appendix O for the conversion calculation). 

Voluntary Relocation Feature Cost Estimation 
The voluntary relocation feature was designed to redistribute Storslysia residents from hazardous 
regions to less hazardous regions. Hazardous regions were identified by comparing the ratio of 
historical property damage per hectare across regions (see Appendix P). Regions 2, 3, and 5 had 
higher historical property damage per hectare compared to regions 1, 4, and 6. Therefore, the 
voluntary relocation feature covers relocation from the out-regions, 2, 3, and 5, to the in-regions, 
1, 4, and 6.  

The cost of the voluntary relocation feature includes moving costs, the expense of the buyout 
program, and administrative costs. A constant value was assumed for moving costs, and the buyout 



 
 
 

 

6 program expenses for a property were equivalent to the average assessed value of the property, 
assumed to be at 80% of property value, with property value capped at Ꝕ2 million. The moving 
costs and buyout program expenses were converted to a per person basis using persons per 
household by region (2016-2020), and an administrative fee was applied (see Appendix Q). To 
determine the associated annual costs, the final per person cost was applied to the number of 
residents projected to migrate from an out-region to an in-region each year of the program’s 
duration (see Appendix Q). 

Final Program Results 

CRDP costs are projected, and savings in displacement costs are observed across each year 
of the program duration. The total program expenditures are estimated to be less than 2% 

of projected GDP annually. 

The expenditures and economic costs of the CRDP remain within the budget of 10% of GDP with 
a 99% probability as shown in Figure 3. The capital recommendation for the CRDP is to hold the 
calculated 95th percentile of expenditures in reserve annually to ensure solvency with a 95% 
degree of confidence without over-reserving (see Appendix R). 

Figure 3: CRDP Expenditures Relative to Budget 

 

Figure 4: Involuntary Displacement Costs and Cost Savings from the CRDP 

 



 
 
 

 

7 The acquisition of assets through the buyout program effectively reduces the economic cost impact 
of the CRDP. Thus the involuntary displacement costs, which are not impacted by the acquisition 
of assets, measure economic costs with and without the CRDP.  The results are illustrated above 
in Figure 4 (see Appendix S for CRDP cost values). 
 
While program expenditures are noticeably higher than the true economic costs, the expenses 
allocated for the voluntary relocation feature are intended to prioritize the lives and financial 
wellbeing of residents. Additionally, Storslysia has opportunities to recoup expenditures and 
further reduce involuntary displacement costs from assets gained through the buyout program. 
This can be achieved through avenues such as the creation of a landfill to generate revenue, or 
with the encouragement of nature-based hazard prevention measures, such as mangroves, which 
can provide protection from coastal storms, and wetlands, which can regulate flooding (“Nature-
based solutions to disasters”). 

A resident’s loss from selling their property at the assessed value rather than the market 
value through the buyout program is less than the cost of future hazard-related property 

damage in excess of a standard homeowners insurance policy. 

While traditional homeowners insurance policies can prevent those residing in hazardous regions 
from shouldering the full cost of damage due to catastrophes, not all hazard events are covered 
under a standard policy and most still require cost sharing. The property damages in excess of 
homeowners insurance that residents are responsible for paying are compared with the potential 
loss of participating in the buyout program on a per household basis. As shown in Figure 5, for all 
regions eligible for the voluntary relocation feature, foregoing relocation proves to be more 
expensive (see Appendix T for details).  

Figure 5: Cost-Benefit Analysis of Voluntarily Relocating 

 

Residents who utilize the voluntary relocation feature and relocate to less hazardous 
regions will face fewer physical and mental health risks. 

Those residing in hazardous regions are jeopardizing their health and wellbeing beyond the risk of 
injury or fatality. Catastrophic events can be traumatizing, leaving Storslysia residents with lasting 
psychological distress. After the Indian Ocean tsunami in 2004, survivors showed symptoms of 
anxiety, depression, and post-traumatic stress disorder (PTSD) (Makwana). In less hazardous 



 
 
 

 

8 regions, where catastrophic events are less frequent, residents will experience a lower likelihood 
of post-hazard psychological distress.  

Scenario and Sensitivity Testing 

Shared Socioeconomic Pathways (SSP) Scenario Testing 
Each SSP projects a unique climate future with corresponding atmospheric concentrations of 
carbon dioxide, worldwide GDPs, and worldwide populations, which are all relevant to the 
program (see Appendix U). As the global surface temperature increases, the frequency and 
intensity of weather events will increase (Acevedo and Novta). Therefore, a risk amplification 
factor (RAF) is needed to adjust the expected amount of property damage from hazards over the 
program duration. Assuming the socioeconomic and technological factors of the world can be 
categorized as the baseline, SSP5, the RAFs allow for results to be adjusted for a range of 
scenarios. A linear model was constructed to capture the positive relationship between atmospheric 
concentration of carbon dioxide and log-transformed property damage. The detailed procedure for 
calculating the RAFs and the resulting values can be found in Appendix V. 

In addition to the RAFs, worldwide GDP and population differ across SSPs while all other factors 
are assumed to remain constant for this scenario testing. The expected cost of the CRDP remained 
below 10% of Storslysia GDP under all SSPs. The costs of the CRDP were the greatest percentage 
of projected GDP under SSP3–6.0 due to the impact of high RAFs and lower projected GDP (see 
Figure 6). 

Figure 6: SSP Scenario Testing 

 

Inflation Sensitivity Testing 
Deviations from the projected inflation rates will impact the expected cost of the program. 
Therefore, sensitivity testing was performed to better understand this risk, comparing the expected 
costs of the program under the projected inflation rates, under a constant low inflation rate of 1%, 
and under a constant high inflation rate of 5%. While a consistently higher inflation rate will lead 

0.00%

0.50%

1.00%

1.50%

2.00%

20
25

20
26

20
27

20
28

20
29

20
30

20
31

20
32

20
33

20
34

20
35

20
36

20
37

20
38

20
39

20
40

20
41

20
42

20
43

20
44

Pe
rc

en
t o

f P
ro

je
ct

ed
 G

DP

Year

SSP1–2.6 SSP2–3.4 SSP3–6.0 SSP5–Baseline



 
 
 

 

9 to a significant increase in expected program costs over time, the GDP is also projected to increase, 
ensuring the expected program costs remain under 2% of Storslysia GDP year-to-year, as shown 
in Appendix W. 

Risk and Risk Mitigation 

The most significant risks to the program are displayed in Figure 7 in a risk matrix. Consider a 
baseline scenario with projected inflation and SSP5; the CRDP is projected to cost an average 
1.03% of the GDP annually over the program duration. Note that in the most adverse scenario 
(SSP3–6.0, 5% inflation, and 95th percentile losses observed annually), the CRDP costs remain 
under budget at an average of 2.48% of GDP annually. 

Figure 7: CRDP Risk Matrix 
SSPs: The SSPs impact population, GDP 
and feature costs. Compared to the 
baseline, all other SSPs result in higher 
budget usages. SSPs will become a greater 
risk in future years as environmental 
impacts become more significant; however, 
this would be of greater concern if the 
program duration is extended. 

Inflation: Consistently high inflation poses 
the risk that total program costs will exceed 
projections, particularly in later years of the 
program. However, in the past 40 years, 
annual inflation above 5% has only been 
realized twice. If inflation trends upward 
during the duration of the program, CRDP 
cost projections should be reassessed. 

CAT Losses: Catastrophic losses exceeding 
Ꝕ1 billion have the largest potential to influence the expected cost of the CRDP. If catastrophic 
losses are observed at a higher frequency than expected, budget usage will increase significantly; 
however, the likelihood of catastrophic losses occurring is minimal. Thus, the overall risk to the 
program is not deemed as significant as SSPs or high inflation. 

Moral Hazard: Participants of the program inappropriately filing claims will inflate costs 
associated with both features of the program.  

Insufficient Housing: In instances of large catastrophic losses, the available evacuation, 
emergency, and temporary housing may not be sufficient to shelter those displaced. Therefore, 
there is a risk of additional costs incurred to construct new housing for the overflow of displaced 
residents.  



 
 
 

 

10 Migration Implications: As part of the voluntary relocation feature, residents will be migrating 
at a higher rate to regions that may not have sufficient infrastructure to support them. This 
expedited development could lead to potential socioeconomic strain on regions 1, 4, and 6. 

Risk Mitigation 
Though the program remains within budget under the most adverse risk scenario, potential risk 
mitigation strategies are considered below to ensure that the CRDP costs are contained. 

• SSPs, Inflation, and Catastrophic Loss: Investing in reinsurance will hedge against 
catastrophic losses but is not currently recommended because of the clear certainty of 
program solvency. However, the need for reinsurance should be reevaluated in the future 
following assessment of loss experience.  

• Moral Hazard: Cost-sharing mechanisms like deductibles and coinsurance as well as clear 
program guidelines can reduce risk of fraud and overutilization. 

• Insufficient Housing: Establishing robust contracts with local construction companies  to 
begin development at the earliest indication of a housing shortage will decrease logistical 
concerns. In addition, the creation of an additional emergency reserve to fund excess 
housing needs will limit short-term borrowing with high bank lending rates.   

• Migration Implications:  Urban planning and policy making to prepare for the rapid 
influx of people will mitigate against infrastructure strain. 

Data Limitations and Assumptions 

The chart below shows key data limitations and assumptions (see additional assumptions in 
Appendix X). 

 



 
 
 

 

11 Appendix 
Appendix A: Coverage Specifications 

• Displacement Assistance: Residents are eligible for displacement assistance coverage if 
their house is damaged by a covered hazard such that the household is deemed unlivable 
by a government assessor. The following are included coverages and their specifications. 

o Food: Reimburses up to Ꝕ20 per day per person throughout the duration of 
housing. 

o Transportation: All transportation to and from housing locations will either be 
provided by the CDRP or reimbursed in full.  

o Housing: Housing will be provided and fully covered throughout evacuation, 
emergency housing, and temporary housing until coverage expires. 

o Temporary Goods: Includes but is not limited to hygienic goods, clothes, and 
other basic necessities.  Reimburses up to Ꝕ75 per day person. 

o Child care: Daily coverage of child care will be reimbursed for every child under 
10 years old. This coverage is only available while in temporary housing. 

o Housing Support: If a citizen falls at or below the Storslysia poverty line, they are 
eligible for housing support. Here, rent or house payments will be covered in full 
(proof of house or rent payment necessary), for the duration of housing. 

o Wage Support: If a citizen falls at or below the Storslysia poverty line, they are 
eligible for wage support. Residents must provide proof of previous wages and will 
be reimbursed in full for the wages they would have received during the duration 
of housing. 

o Mental Health Support: For participants of the program, up to 6 months of 
coverage is available with a registered therapist. 

• Voluntary Relocation: Residents are eligible for voluntary relocation coverage if they are 
moving from a designated out-region (2, 3, and 5) to a designated in-region (1, 4, and 6). 
The following are included coverages and their specifications: 

o Moving Costs: Participants of the voluntary relocation feature are eligible for 
reimbursement of moving costs up to Ꝕ1,060. 

o Land Buy-Out: Participants of the voluntary relocation feature are eligible for 
buyout of their land equal to 80% of the market value of their home.  

Displacement Housing Coverage Duration (days) 

 
 
 
 
 
 



 
 
 

 

12 Appendix B: Hazard Definitions  

The hazards covered under the CRDP are defined in the following manner: 

• Hurricanes: Any weather event that is officially classified as a hurricane by the national 
weather service of Storslysia. 

• Wildfire: Any fire that burns at least 10 acres of land and/or is recognized as a wildfire by 
the government of Storslysia. 

• Landslide: Any movement of destabilized land, due to rainfall or erosion. Land movement 
caused by earthquakes is not covered under the CRDP. 

• Flooding: Any water outside your home that flows inside at ground level.  Flooding may 
be due to precipitation, river overflow, or any other excess water situation.   

• Tornado: Any weather event that is officially classified as a tornado by the national 
weather service of Storslysia. 

• Precipitation and Wind: Any precipitation (including rain, hail, and snow) and wind that 
cannot be classified into the groups above may be covered under this section of the CRDP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

 

13 Appendix C: Hazard Data Mappings 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

 

14 Appendix D: Annual Hazard Frequency and Severity 

Average Annual Hazard Frequency 

 

Average Inflation-Adjusted Hazard Severity 

 

 

 

 

 

 

 

 

 



 
 
 

 

15 Appendix E: Hazard Modeling Procedure 

Data Cleaning 

To properly model hazard losses within Storslysia, data transformation was first performed. After 
applying hazard groupings developed in Appendix M, losses were inflation-adjusted to present 
time values (last year of data was 2021) to make trending more accurate. Inflation was applied 
quarterly to properly match the data provided. Logarithmic transformations were also applied to 
total loss data and constructed severity data to handle extreme loss situations and create a well-
designed model capable of predicting large losses with accuracy. Finally, the final data set 
incorporated losses starting from 1962 to present. Hazard models are highly dependent on past 
values, and with the small amount of data, the maximum number of years possible were selected. 
However, because inflation data was not available for years before 1962, they were excluded from 
the final data set. 

Data Modeling Process: Winter Weather  

A key assumption of projecting values by assuming the data to follow a parametric distribution 
lies in the frequency and severity of the hazard events not changing over time. However, for the 
winter weather/winter storms hazard category, across all regions, there was a noticeable decrease 
in total loss in the early 2000s, violating this assumption and resulting in preference for an 
alternative modeling approach. However, the limited scope of data and information given reduced 
the number of modeling approaches that were appropriate; thus, a time series modeling was used 
to project losses in the winter weather/winter storms hazard category. 

Initially, ETS, ARIMA, and GARCH modeling approaches were considered; however, the limited 
observations present in the data caused concern for the accuracy of a GARCH process, so it was 
not utilized. ETS modeling was selected over ARIMA modeling, due to its ability to produce the 
lowest AIC.  

Data Modeling Process: All Other Hazard Categories 

For all other hazards, the lack of observations in each year across regions made time series 
approaches highly inaccurate. This motivated the employment of a parametric approach instead, 
where frequency and severity data were each modeled with a parametric distribution that best fits 
data points.  

For each hazard type and region combination, an identical process was performed to match 
distributions to observed frequency and severity. The process below will examine one particular 
combination, hurricanes in region 4, with the procedure repeatable for all other combinations. 
Total loss data for hurricanes within region 4 was first decomposed into frequency data, as the 
number of occurrences of the hazard event within a year, and severity data, as the amount of loss 
from each hazard event.  

Frequency data for hurricanes in region 4 was modeled using several potential distributions 
including the zero-inflated Poisson, Poisson, and negative binomial distribution, with parameters 
calculated using maximum likelihood estimation. The final model was selected using the 
histogram that demonstrated the best fit between theoretical hurricane occurrences annually 



 
 
 

 

16 (predicted from the distribution) and the actual hurricane occurrences each year. The zero-inflated 
Poisson distribution was the best model for hurricanes in region 4 due to its match with the data’s 
disproportionate number of zero occurrences seen in the figure below. This figure also shows the 
other five models constructed for hurricane events in the other regions. The zero-inflated Poisson 
was the final model for most hazard type and region combinations though the Poisson distribution 
was selected for incidents with few observations like landslides. 

Hurricane Frequency with Zero-Inflated Poisson Model Across All Regions 
      Hurricane, Region 1                                                 Hurricane, Region  2                                                          

    Hurricane, Region 3                                                    Hurricane, Region 4 
 

        Hurricane, Region 5                                         Hurricane, Region 6     

The severity model for hail in region 4, like other hazard/region combinations, was complicated 
by the potential for hazard occurrences with zero in property damage. To account for this, the 
probability of a zero loss was calculated historically and then used in a Bernoulli 
distribution  within the simulation process later on to predict zero losses. The severity data was 
filtered for losses over zero and then log-transformed, and this final data was modeled to predict 
the severity of a loss given that it was not zero.  



 
 
 

 

17 Several candidate distributions were chosen to model severity for hail in region 4 including the 
Gamma, Weibull, Lognormal, Normal, and Uniform distribution where parameters were again 
calculated using maximum likelihood estimation. The best model for hail in region 4 was assessed 
using examination of the empirical density distribution fitted with parametric model curves, Q-Q 
plots, and the Kolmogorov-Smirnov Test. For hail in region 4, the Weibull distribution was the 
final selection.  Examples of Q-Q plots constructed for hail in region 4 as well as hail in all other 
regions are shown in the figure below. 

This same severity modeling process was repeated for all remaining hazard and region 
combinations. While Gamma and Weibull were commonly selected distributions to model 
severity, the Uniform distribution was selected for hazard types with a small number of 
observations within regions like wildfire and landslides.  

Hail Severity with Parametric Models Across All Regions                                                                             

   Hail Region 1  (Weibull)                                           Hail Region 2 (Gamma) 

 
Hail Region 3 (Weibull)                                                 Hail Region 4 (Weibull)                                                   
 

 

 
 
 

 

 

Hail Region 5 (Weibull)                                                  Hail Region 6 (Weibull) 
 

 

 

 

 



 
 
 

 

18 Example R Code: Severity Modeling 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

19 Appendix F: Final Hazard Model Selections  

  
Note: Each hazard type was modeled for each region to obtain region-specific hazard model 
coefficients or parameters. The different severity distributions for certain hazard types account for 
the distinct behavior of hazards within different regions.  

o (F) refers to the selected frequency model while (S) refers to the selected severity 
model for the hazard type. If more than one severity model was used across regions, 
the regions are specified for each parametric selection as numbers (1,2,3,4,5,6). 

 



 
 
 

 

20 Appendix G: Full Credibility Standard 

Utilizing the sample mean and variance of annual loss adjusted to be in 2021 pecunias, an estimate 
for the full credibility standard was calculated, such that the annual total loss is within 5% of the 
true value with 95% probability. This returned a full credibility standard of 49475.41. Thus, 50,000 
simulations were calculated to achieve the full credibility standard. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

21 Appendix H: Hazard Simulations 

Hazard Simulation Procedure: Winter Weather 

Bootstrapping was used to simulate 50,000 total annual losses for each region and year of program 
duration for the winter weather/winter storms hazard category. This was done with the 
bld.mbb.bootstrap() function in the forecast package, in which Box-Cox decomposition is utilized 
along with a moving block bootstrap to generate bootstrapped versions of the winter 
weather/winter storms time series for each region. This is implemented for region 1 in the code 
below. 

Winter Weather Total Loss Simulations in Region 1 

 

Hazard Simulation Procedure: All Other Hazards 

All simulations of yearly losses due to hazard events were performed in R and separately for each 
remaining region and hazard category combination through the duration of the program (20 years). 
For each combination, 50,000 simulations of hazard frequency were generated for each of the 
twenty years of program duration.  

For severity projections, 50,000 log-adjusted losses were simulated using the selected severity 
distribution for each year, and these values were then exponentiated back to undo the log-
transformation. In addition, 50,000 simulations of a Bernoulli distribution were generated for each 
year to predict the number of losses with an amount of 0 (connected to empirical percentage of 
zeroes). These two simulations were multiplied together across all years, with the Bernoulli values 
randomly converting some simulate severities to zero at a probability similar to the experience 
period. The final product from this calculation was the simulated 50,000 severity amounts across 
twenty years for any potential number of occurrences. The code to construct this for one example, 
hail in region 4, was constructed below. 

 

 

 



 
 
 

 

22 Hail Severity Simulation in Region 4 

 

The final frequency simulations and severity simulations were then multiplied to create total loss 
simulations for each hazard/region combination for each of the 20 years of program duration. 

Aggregate Projection 

The final total loss simulations for each hazard and region were all added to create 50,000 
aggregate loss simulations for all  of Storslysia. These simulations could be utilized to calculate 
expected values and percentiles of total property damage for each year of the program duration, 
enabling the calculation of final program costs following the necessary conversions and 
considerations.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

23 Appendix I: Inflation Rate Projection 

1. 60 values of the average annual inflation rate were analyzed. Inflation rate in 2003 appeared 
to be a data entry error and was replaced by an estimate found through linear interpolation 
of the inflation rate in years 2002 and 2004.  

2. An ARIMA time series model was applied to capture the fluctuations in inflation rate over 
time, and then project inflation rate throughout the program duration. The R function 
auto.arima() was used to determine the parameters p, d, and q. 

3. auto.arima() selected an ARIMA(0, 1, 0) model, which was used to project inflation rates. 

Projected Inflation Rates 

 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

24 Appendix J: Storslysia GDP Projection 

1. To determine the CRDP’s annual budget, annual Storslysia GDP is required. However, The 
IPCC’s SSP database only includes worldwide GDP by decade. Quadratic models were 
fitted to the IPCC’s worldwide GDP projections under each SSP to determine the 
worldwide GDP in the intermediate years. A quadratic model was chosen after visualizing 
the relationship between year and worldwide GDP.  

2. Actualized data, years, 2005, 2010, and 2020, along with projections that encompass the 
program duration, years 2030, 2040, and 2050, were used to fit the quadratic models. 

3. Quadratic models perfectly capture the IPCC’s worldwide GDP projections. As shown 
below, in the summary of the quadratic model fit to the baseline, SSP5 worldwide GDP. 

 
Quadratic Model R Output 

  
 

4. The quadratic model was applied to the intermediate years, completing the annual 
worldwide GDP data by SSP. 

5. Worldwide GDP data was then converted from US$ to Ꝕ, using the constant exchange 
rate. 

6. Worldwide GDP data was then converted to Storslysia GDP, using a constant ratio of 
Storslysia GDP in 2020 to worldwide GDP in 2020. Data from 2020 was used, as 
Storslysia GDP is available only in 2020. This ratio differed across SSPs, as the 
worldwide GDP in 2020 differed across SSPs. 

 
 
 
 
 
 
 



 
 
 

 

25 Projected Storslysia GDP by SSP 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

26 Appendix K: Projected Storslysia Population by SSP 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

27 Appendix L: Migration Transition Matrix Construction 

Within the migration model, regions correspond with Markovian states, and probabilities are 
calculated using industry research and several weighting steps.  
 
Migration Transition Construction Process 

 

• Starting Probability 
o The average probability of interstate migration per year in the United States since 

2007 is 3.5% (Policy Circle). Because regional populations in Storslysia are 
comparable to state populations within the United States, interstate and 
interregional migration can be approximated as roughly the same. 

• Age-Weighting 
o Older individuals domestically migrate less than younger populations, where after 

age of 65, the migration rate drops about 50% (Zaiceva). Therefore, a new 
probability is obtained as a weighted average using weights derived from 
percentage of population over 65 within each region (Dataset: SOA Eco-Dem 
Data), 

• Regional Division 
o An individual leaving their current region has 5 possible regions to migrate to; 

therefore, the probability of outward migration is evenly distributed among 
5  regions. 

• Environmental Preference Weighting 
o Individuals are more likely to migrate to a region that does not share similar 

catastrophe exposures to the region they are currently living in (Sheldon and 
Zhan). In reference to Storslysia, an individual in region 2, where severe 
hurricanes are prevalent, will be more inclined to relocate to region 1 (where 
hurricanes are infrequent and mild) compared to region 3 (where hurricanes are 
relatively common and strong).  

o The relative prevalence of each hazard category within each region is calculated 
using adjusted total duration of the category divided by land area. Preferred 
transitions are calculated for each region using the idea that for each hazard, an 
individual will select other regions with less overall adjusted duration. Preferred 
transitions are then aggregated for each out-region/in-region combination (36 in 



 
 
 

 

28 total). These final values are used to weight transition probabilities by taking the 
preferred transitions to a region divided by the total preferred transitions across all 
possible regions.  

o The final transition matrix is obtained for migration under CRDP without a 
voluntary relocation feature.  

• Incentive Weighting 
o The presence of a voluntary relocation feature will motivate different transition 

patterns in regions eligible for the program (region 2, 3, and 5). These incentives 
emphasize “favorable” transitions (relocating to region 1, 4, and 6) over 
“unfavorable” transitions (relocating to region 2, 3, and 5) for eligible individuals. 
Using estimates aligned with program responses offered by US-based Kentucky 
Relocation Assistance Program (Jia et al.) and Storslysia’s incentives, the 
probability of “favorable” transitions are expected to double while the probability 
of “unfavorable” transitions will be halved. These probability alterations are then 
applied to the previous transition matrix to create a new transition matrix. 

o The final transition matrix is obtained for migration under CRDP with a 
voluntary relocation feature. 
 

  Transition Matrix Without Voluntary Feature      Transition Matrix With Voluntary Feature 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

29 Appendix M: Regional Population and Migration Projection  

Starting with the scenario with no voluntary relocation feature, an assumption must be made that 
the Markov chain is stationary (probabilities of transition do not change) throughout the program 
duration. With this assumption, each year’s transition distribution can then be calculated by 
putting the respective transition matrix to the power of time elapsed (integer value in years). For 
example, the transition distribution at the end of the last year of the program will have this 
transition matrix to the power of twenty.  
 
With all twenty transition matrices obtained across years, the population and migration 
projection can be calculated with an identical procedure starting with region 1. The state vector 
for region 1 is multiplied by each year’s transition matrix to calculate the probability of an 
individual remaining within region 1 for each year as well as the probability for an individual to 
migrate to any of the other regions. These obtained annual probabilities are then multiplied by 
the original region 1 population to determine the annual dispersion of region 1 individuals among 
all regions. This will directly provide the number of individuals migrating from region 1 to every 
other region on a yearly basis. This process can be repeated for all other regions to obtain their 
annual dispersion of individuals across regions and yearly migration patterns. Once all of 6 
population distributions are constructed, they can all be summed across years to obtain the 
population for each region annually, accounting for individuals remaining and the 5 migration 
amounts from the other 5 regions.  
 
This final regional population projection does not account for population growth across years. 
This is remedied by applying population growth as scale factors to each region identically to 
obtain a sum of regional populations equivalent to the population projection, and these scale 
factors are also applied to construct adjusted migration patterns. These population scaling factors 
will also allow for simulated regional populations and migration patterns in other potential SSPs. 
 
With population adjustments completed, the final regional population distribution and migration 
patterns are projected across all years of the program, seen in the figure below. This entire 
procedure is then reproduced to create regional migrations and population across years for the 
scenario adding in voluntary relocation features, with the corresponding transition matrix altering 
values due to different probabilities of transition.  
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

30 Regional Population Across Program Duration 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

31 Appendix N: Comparing Regional Population With and Without Program  

With the relocation incentives offered by a voluntary program, there will be clear differences in 
regional population distribution if it is added. From a logical perspective, the presence of a 
voluntary program will cause an increase in residents in regions 1, 4, and 6 (less hazardous 
regions) and a decrease in residents in regions 2, 3, and 5 (hazardous regions). In addition, there 
will be more resident migrations from these hazardous regions to less hazardous regions and less 
between all the hazardous regions. The final transition distribution after twenty years (the 
transition matrices to the power of twenty) demonstrate this reality as seen in the figure below. 
There is a higher probability of remaining in regions 1, 3, and 5 across twenty years for the “with 
voluntary” transition matrix compared to the “without voluntary” transition matrix. In addition, 
examining specific transition probabilities in the matrices demonstrate migration alterations for 
hazardous regions. 
 
                    20-Step Transition Matrix                             20-Step Transition Matrix                                                        
                   Without Voluntary Feature                             With Voluntary Feature 
  
 
 
 
 
 
 
 
 
 
 
 
 
These population growth differences with and without a voluntary relocation feature can be 
isolated to each region to see the program’s influence. The figure below provides the population 
size in region 2, an unfavorable region, and region 4, a favorable region, with and without 
relocation incentives across the program timeframe. The graphic clearly shows a larger growth in 
region 4’s population and a larger decline in region 2’s population with the addition of a 
voluntary program. 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

32 Population Size With and Without Voluntary Relocation Feature: Region 2 and 4 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

 

33 Appendix O: Displacement Assistance Feature Cost Procedure 

1. Calculate the expected cost per day per displaced person by hazard category and region 
as depicted in the diagram below. There was also an expense ratio of 27% included in the 
final calculation. 

Displacement Assistance Feature Cost Inputs 

 

2. Calculate the “persons displaced per Ꝕ of property damage” by hazard using 
displacement data from the US Census Bureau and property damage data from the 
National Oceanic and Atmospheric Administration (NOAA). 

3. Combine the expected cost of the displacement assistance program per person by region 
and hazard with the persons displaced per Ꝕ of property damage by hazard to create 54 
final conversion factors. The equation utilized and a table of the factors can be seen 
below. 



 
 
 

 

34 

 

Displacement Assistance Feature Conversion Factors 

 

4. Apply the calculated factors to each of the 50,000 property damage simulations with 
separation by year, hazard category, and region. 

5. Sum across hazard categories to see projected involuntary displacement costs prior to 
adjusting for inflation and adjusting for population growth and migration. 

6. Multiply involuntary displacement costs per region per year by the calculated population 
growth and migration factors. 

7. Sum across regions to calculate total yearly projected involuntary displacement costs 
with adjustments for population growth and migration influenced by the voluntary 
relocation feature. 

8. Adjust for inflation by multiplying by projected cumulative inflation. 
9. Construct an empirical distribution of involuntary displacement costs for each year of the 

duration of the program, from which mean and Value at Risk at the 95th percentile were 
calculated. 

 

 

 

 

 

 



 
 
 

 

35 Appendix P: Historical Property Damage by Region 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

 

36 Appendix Q: Voluntary Relocation Feature Cost Procedure 

1. The costs associated with the voluntary relocation feature are moving costs, the buyout 
program expenses, and administrative costs.  

2. A constant value, the U.S. average moving cost of Ꝕ1060, was assumed for moving costs 
(Perry). A constant value was assumed, as the distance of the move, a key factor in 
determining moving costs, is unknown.  

3. The buyout program expenses for a property were equivalent to the average assessed value 
of the property, assumed to be at 80% of property value, with property value capped at Ꝕ2 
million. The average property value by region was found using a weighted average.  

4. The constant moving cost and expected assessed value are on a per household basis. To 
convert to a per person basis, using Storslysia’s persons per household by region (2016-
2020) of the out-region. The costs differ by out-region, due to differing expected assessed 
values and differing persons per household. 

5. A 6% administrative cost was applied to the per person cost to get finalized cost per person. 
This 6% accounts for the costs associated with application review, as well as other 
logistical processes.  

Voluntary Relocation Feature: Cost Per Person (Ꝕ) 

 

6. Per person cost was applied to the amount of Storslysia residents who are projected to 
migrate from an out-region to an in-region for each year within the program duration.  

 

 

 

 

 

 

 

 

 

 

 



 
 
 

 

37 Total Voluntary Relocation Feature Costs (Billions Ꝕ) 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

 

38 Appendix R: Reserve and Solvency Details 

 
The 95th percentile program cost should be held in reserve to ensure solvency with 95% 
probability. 

 

 

 

 

 

 

 



 
 
 

 

39 Appendix S: CRDP Projected Cost Values 

 
 

 

 

 

 

 

 

 

 

 

 
 
 
 



 
 
 

 

40 Appendix T: Voluntary Relocation Feature Resident Cost Analysis  

Insurance and Damage Assumptions 

 

Expected Number of Occurrences per Hazard Category per Year 

 

 

 

 



 
 
 

 

41 Inflation-Adjusted Property Values by Region (Ꝕ) 

 

The expected property damage excess of homeowners insurance was calculated by region as 
follows. 

∑ "#$%&$'() × (min(/0102$	% ×5$670'	89&:$	;#7($, /$6&(=7>?$) ×!"#"$%
;(8A	B':&#0'($) + D1 − ;(8A	B':&#0'($)G × /0102$	% ×5$670'	89&:$	;#7($) + 

• P(HO Insurance) – the probability of having homeowners insurance coverage for the 
hazard category 

• Damage % – The assumed percent of damage to the house by hazard category 
• Median House Price – the median house price within the specific region adjusted for 

inflation 
• Deductible – assumed deductible for the homeowners insurance policy 
• Frequency – the expected number of occurrences of the hazard category per year within 

the specified region 



 
 
 

 

42 This was compared with the financial impact of participating in the voluntary relocation feature. 
Under this program, consumers receive the assessed value of their house, which is assumed to be 
80% of market value, thus, returning a negative financial impact of 20% of the house value.  

This was calculated by multiplying the inflation-adjusted median house value by 0.2.  

The final comparison of the voluntary program's financial impacts and total expected property 
damage excess of homeowners insurance in pecunias, separated by regions in which the voluntary 
relocation feature applies is shown below.  

Final Comparison of Voluntary Relocation Feature Resident Costs 

 

 

 



 
 
 

 

43 Appendix U: SSP Details 

 

Each SSP has differing assumptions surrounding socioeconomic and technological development. 
The socioeconomic and technological factors considered in each SSP are, population and 
economic growth, urbanization, trade, energy, and agricultural systems. Each SSP results in a 
different climate future, due to the greenhouse gasses that will be emitted under each set of 
assumptions (Riahi et al.). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

44 Appendix V: RAF Calculation Procedure 

1. To determine the relationship between the atmospheric concentration of carbon dioxide 
and the property damage resulting from hazard events, annual data was required. However, 
the IPCC’s SSP database only includes the atmospheric concentration of carbon dioxide 
by decade. Therefore, annual atmospheric concentration of carbon dioxide data was 
sourced from the NOAA (Tans and Keeling). 

2. Annual atmospheric concentration of carbon dioxide data and Storslysia’s historical 
property damage in years 1962-2020 were compared to determine their relationship. 
Storslysia’s property damage was inflation-adjusted prior to the analysis. 

3. As the atmospheric concentration of carbon dioxide increases, global surface temperature 
increases, and the frequency and intensity of weather events will increase (Acevedo and 
Novta). Therefore, a model was constructed to capture the positive trend. 

4. Storslysia’s property damage was logarithmically transformed. Then, a linear model was 
constructed. While the model is not a perfect fit, it attempts to capture the complex 
relationship between the atmospheric concentration of carbon dioxide and hazard events.  

5. Before applying the model to the atmospheric concentration of carbon dioxide values by 
SSP, the intermediate values were found in a similar manner as was completed for 
worldwide GDP and population. 

6. With annual atmospheric concentration of carbon dioxide data for each SSP, the linear 
model could be applied to predict the logarithmically-transformed property damage.  

7. With the predicted logarithmically-transformed property damage by year, the RAFs were 
computed to capture the relationship between SSP1–2.6, SSP2–3.4, and SSP3–6.0 to the 
baseline, SSP5. To do so, all of the logarithmically-transformed property damage 
predictions were divided by those of the baseline, SSP5. 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

 

45 Final RAFs 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

46 Appendix W: Inflation Sensitivity Testing 

Projected CRDP Costs (% of Storslysia GDP) under Low, Projected, and High Inflation 

 

Projected CRDP Costs (% of Storslysia GDP) under Low, Projected, and High Inflation 
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47 Appendix X: Assumption Details 
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