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ABSTRACT

This thesisanalyzes the effect of severe weather events on Storslysia and examines how
the nation can reduce its exposure by implementing a relocation social insurance program. Our
program seeks to reduce the total economic and psychological damage caused by natural
disasters in Storslysia over the next 100 years with great certainty. We plan to provide financial
relief toward displacement costs for victims of involuntary relocation and to offer benefits to
citizens that choose to voluntarily relocate out of higisd regions to lowerisk regions. This
will be done through the use of annuities and lump sum payments which will be handled on a per
claim basis.

Since many of the loweiisk regions maintain higher economic status, the benefits to
voluntary relocatorsvill cover economic pressures and reduce relocation costs. These benefits
will vary depending on where the relocators are from and where they are moving to. The same
goes for involuntary relocators, however they will also receive a standard lump sum gomount
help with physical andgychological damages from the weather event as well. Structuring the
benefits in this way will shift the population in a safe manner while reducing the current costs

sustained from a severe weather event.



TABLE OF CONTENTS

LIST OF TABLES . ... e v
ACKNOWLEDGEMENTS . ... e V.
Chapter 1 INTrOQUCTION. ........uuiiiiiiiiiiiiiit ettt e e e e e 1
CASE OVEIVIEW.....eeieeiiiiee ettt ettt e e ettt e e mens et e e e e b et e e e e anb e e e e ammes s e e e e e 1
LITErature REVIEW......ciiiiiiiiiie ittt ettt rme e 2
Chapter 2 MethodOIOGIES.......ccvvviiiiiiieieei e 9.
Chapter 3 Program DeSIgN.........uuuuuiiiiie e ceeeiiis s e e e e e e e e e e e e e vaeees e e e e eeaaaeeeeeaannnns 10
Key MetricS & TIMEITAME.......uuiiiiiiieiiiiiree e e 10
Relocation Social Program OVEIVIEW. ..........ccuieeiiiiiiermriiiieiieeeeeee e s e eseeesineeees 11
AV o] W] ) r= YA = =1 (o Tox= 1o SR 12
INVOlUNtary REIOCALION. ........ciiiiiieiiiitieee e e e eeeaes 13
Chapter 4 Pricing and CoStS Projections............ooooioiiimere e eeeiiiiiieeeae 15
Voluntary ReEIOCALION ..........coovviiiiiiiiiii oo 15
INVOlUNtary REIOCALION. .........oiiiiiiiiiiitieee e eeenes 17
COSE SUMIMEBIY...ceiieiiieiiieeeieeet et e ere e e e e e e e e e e e e e e e e e e amamre bbb bbb mmme e e e e e e e e ees 18
Chapter 5 Risk Mitigation Strategies.............cevvvrrrruicccieeeeeeeecee e e 19
Quantitative and Qualitative RISKS.............cvviiiiiiiiienii e 19
SENSItIVILY ANAIYSIS . ..o e e e s aeenaaa 22
Chapter 6 ASSUMPLIONS. .....cccuuiiieeeiieiiii e e e et e e e e e e mmmr e e e e eeaaa e eaaeens 27
Chapter Data LIMItatioNS...........eeeiiiiiiiiiiii e 29
Chapter 8 CONCIUSION........ciiiiiiii et reme e e et eeeaees 30
LY o] o= o [T PP PUUPTPPPPP R PPPPRRTPRR 31
Appendix A: GDP Confidence Interval and Inflation Projection Code................. 31
Appendix B: Weather EVENLS............uuiiiiiiiiiice e 33
Appendix C: Property DAmMage...........uuueeiiieeiiiiimeeeeiiiiiiieiee e e smees s 35
Appendix D: RElOCAION COSES......uuuuuuiiiiiiiiiiiice e e et eeeee e 41
Appendix E: Region RaNKINGS..........coviiiiiiiiiiiiieeeiseees e eeeeeesveeaaeeaveenanen 49
Appendix F: Population GOalS.............coiviiiiiiiiieeeei e 52
Appendix G: Modeling Program Relocation Gaals...............ccc.vvvvieeeiiieiieeeinnis 53

Appendix H: Modeling Regional Population Trends with and Without Program..57
Appendix I: Property Damage with Program Estimations.................cccoeeeeiinnnnnd 61



APPENAX J: GDP DALA......ceeiiiiieeiiiiiiiiiree e rens e e e e eneed 67

Appendix K: Inflation,

Appendix L: Voluntary Program ANNUITIES............eevvveeiiiiiiineeeeeeeeeeeeeeeeeeeeeeeeeeeand 80



LIST OF TABLES

LI o (ST IO\ 1= 1 0 To To [0 (oo 1= 9

Table 2. Voluntary Relocation Benefit MatriX............uuvvviiiiiiiiecce e 13
Table 3. Relocation Benefit Dy REGION...........cciiiiiiiii e 14
Table 4. Voluntary ReloCation COSLS......ccooieiiiiii i vt eres e a s 15
Table 5. Regional MOVEMENL.........ccoiiiiiiiiiiieee e eeesi e e e e 16
Table 6. Average Annual Voluntary Program COSLS..........ccuuieeeiiiiicmnniniiiiiinieeeeee e 17
Table 7. Aveage Annual Involuntary Program COSIS...........ccovvvvviiiiieemiiiiee e, 17
Table 8. QUANtfiable RISKS...........uuiiiiiiiiieeeeee et ennnans 19
Table 9. Likelihood and Severity RiSK MatriX..........ccoooiiuiiiiiieeeiiieieeee e 20
Table 10. QUAlItAtIVE RISKS..........cuuuiiiiiiiiiiieeee et e e e et e e ennnans 21
Table 11. Sensitivity TESt ASSUIMMIONS .....uuuuuuueiiieeieees s immreeeeee e e e e e e e eeeeeeeeeesrreer e e e e eeaeeeas 23
Table 12. Percentage Change of the Relocation Cost for Worst Case Scenaria....... 23
Table 13. Percentage Change of the Relocation Cost for Best Case Scenario.......... 24

Table 14. Difference of Percentage Change of the Relocation Cost BetweenaoiBest
(O TSI ot =T o - (o U PR 25

Table 15. Percentage Change of the Relocation Cost for Baseline...............cceceee..... 26



ACKNOWLEDGEMENTS

| would like toexpress my sincere gratitudentty honorsadviserAmanda Hammeland
faculty reader Zhongyi Yuan for their continued academic support during this-tinetsigy
processProfessoMa ndy 6 s tphoeidedasot of derapecivehelped manspirein this
topic and guided me throughout the procéssour data and modeling cantant, Professor
Yuanhelpedusreviewed our model angrovideduswith valuable insights and
recommendationg.also would like to thank Professor Nan Zhu dtirthe class you taugland
all your supportyou given

| would also like toexpress my appreciation tey team members, Dustin Bauer, Brady
Painter, and Jared Aspéor their outstanding effortand contributiongn the2023Society of
A c t u &Lasyg CGospetition. It has been an incredible experience working with each of you and
| am extremely proud of the work we accomplished together.

Lastly, | would like to thank my parenti¥effrey Bloom and Yan Wanépr their

unwavering support argenerosity in enabling me to pursue my academic aspirations.



Chapter 1

Introduction

TheSociety of Actuary (SOA) Research Institute Student Research Case Study
Challenge is an annual case competition that provides college students a platform to apply their
actuarial skills and solve realorld problems in a business settififpe competitiomequires two
to five student$o conduct an actuarial analysissed ora given case study situaticiormulate
solutions, angbresent recommendations in a repOuir teamrepresennhg Pennsylvania State
Universityparticipatednt hi s y ear 0 s regadnga case ofpesigning d socral
insurance program for relocation to help Storslysénage its exposure to displacementsrisk

caused by catastrophic climate events.

Case Overview

Climate change is a global phenometiwat attracts more and more peopls at ttent i on
is causing significant disruptions to ecosystems, weather patterns, and human sbiceeties.
severe destructive and frequent occurrence of natural disasters has always been a problem for
mankind. This phenomenon has been exacerbatedrbgtelichange over the years. Hurricanes,
floods, wildfires, and other natural disasters associated with climate change have caused the
destruction of millions of homes and hundreds of millions of dollars in economic losses. In
addition to the physical damago people's property, natural disasters have also severely

damaged people's mental health and resulted in more social unrest.
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Storslysia a fictitious coutry by the casehas beemcutely threatened by the impact of

climaterelated catastrophesspecially for people living in highsk regions. In order to prevent
both property and psychological damage, there is an immediate need for a proactive social
insurance program to help these residents evacuateibigares before a disaster strikés.the
thesis, we will provide a comprehens®gramdesign, includingricing and cosprojections
assumptionsandrisk mitigation strategies. The purpose of our program is to provide an
appropriateandeffective solutiorto help people at risk of being displaced in this area. By
reducing property and emotional damage to residents and avoiding more injuries and deaths in
the future, we will help people achieve a higher sense ofhwegllg and a better life, while also

making Storslysia's financial and social development healthier.

Literature Review

To ensure that teams have a clear under st a
it is important to conduct a literature review of previous years case stiidiesigh theprevious
year s 0 c &ave aprevieweof the @ase settings difigrenttypes of reaworld
problemsMeanwhile, we can learn from their approaches to their case solutiordeatity
some potentiadlata analysis metho@sd models that can be us®¥de alsocompare the
strengths and weaknesses of previous yegarts to develop a better solution strategy. The
literature reviewprovides us/aluable insights and helps our team develop an effective approach
to thecurrentcase study.
In the literature review, mainly focused on the case revi@ithe winning teanand

comparisons betwedhetop three submissionsth0 1 9 6 s dcadssgn a autodoynous
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vehicle insurance policy. In addition, analysis, suggestions>aq@n si ons of ot her

and strategies will be provided.

2019 Caseéverview

| n 2 @abe3tddy Safelifeis an insurance company selling personal and commercial
automobile insurance policies in CarbMl/ith the current rapiddevelopment trend of the
autonomous vehicle, the society is moving towards a new mobility ecosystem. Safelife anticipates
that the current automobile insurance market may eventually decrease with future public adoption
of autonomous vehicles. However, asomomous vehicles become more popular, the government
regulations and guidelines are expected to be developed, and new insurance products for
autonomous vehicles are expected to be created. Safelife, as the leader of the automobile insurance
industry, béeves that being the first to design an insurance policy for autonomous vehicle owners
could create a firstnover advantage. Effectively launching the new product and policy for the
autonomous vehicle will have a revolutionary impact on the ecgpnoinCarbia and have a
tremendous change in the universal approach to auto insurance.

In this case studyt is necessarto analyze the insurability of the autonomous vehicles and
take considerations of potential risks and some other necessary factors. Withothoreary
changes in the auto insurance industry and the inception of autonomous vehicles, significant
exposures occur and new risks emerge. Also, a design with a launch date for a new autonomous
vehicle insurance policis recommendedand a teryear foecast of the loss cost estimates, also
known as pure premiums, for the new polisyrequired The development of the autonomous

vehicle technology in the next decade will fundamentally transform the auto industry and the auto
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insurance industry. Asensiti t y analysis on managementds goal

20 to 25 percent of overall business by the year 2030 will also be provided.

Comparison and Reflection

Int he autonomous policy section, axdueedtheavi nni n
widely accepted SAE I nter nat providadclea and eoncssd o f

framework for defining the autonomous vehiclBlseydivided driving automation into six levels,
starting from level O to level 5, ambndensed thesevielsinto threedifferentgroups.Then the
winning teamused this framework to proposa two-fold approactor incorporating autonomous
vehiclesinto Safelifé s i n s u r, mcudieg amewlpalicy exclusively for fully autonomous
vehicles and discounted policy for serautonomous vehicle$hey also providespecific policy
characteristics for each type of vehicle and effler practical slution for Safelife to adapt to the
emerging technology of autonomous vehiclEse winning team also coidered the potential
risks and limitations of autonomous vehicksd providd the impact and recommendations
accordingly.They identifed the most significant new concern of the riskad providd the
competitive analysis to develop rates for the covexablee report providé a comprehensive
analysis of the potential sources of liability and highleghthe regulations in several countries.
They assuned thatthe liability regulations of Carbiwill be similar to those in other countries,
then theyprovided a clear framework for Safeliies | i abi | i t y edtkep prisingr e and
plan accordinglyThey also provide extended analysis in the Appendixftother demonstrate
the thoroughness anfktails to this issue.

In the new risks and liabilit part, the winning team mentioned that the autonomous

systems arewnerableunder cyberattacks and it is gae be hacked by malicious factoisis



5
also mentioned by other teams that this problem will lead to severe criminal activities carried by

hackers. In view of this problem, | think we can design some provisions related to cybersecurity
risk to effectively determine which party takes the responsibilig secongblace team divided
people pondering on purchasing an autonomous vehicle irge gfnoups: early adopters (young
tech lovers and wealth groups), disabled or handicapped people, and seniors. | think they could
expand more on this. For example, they could make suggestions on the ways to modify policy for
different populationsAdditionally, Carbia is a primarily urban and suburban country with very
few rural areas, and it has been observed that the earliest AVs are luxury cars and commercial
fleets. They are used in highly Acovered metr
mapyed streets. Due to this situation, all of the first three teams are mentioned that Autonomous
vehicles will infiltrate the personal auto and commercial auto markets. As a result, both the
personal and commercial coverages are needed. For the g@aocadeam, in the liability
coverage session, they mainly focused on different types of injuries.

In the policy implementation strategy section, the winning team clearly identified their
target audiencandprovidel a timeline for the adoption of autonomousieéds in the next decade.
They alsoprovided valuable insights on how to design their rating planshagidighted the
necessity ofupdating the regulations that could impact their premiuftgs will create a
competitive advantage to theiolicy design.Moreover, they used different graphs, suclbas
chart, pie chartand line chartwhich organized the data in a structured way gade a better
visualization to help the audience understand the data easily.

In the sensitivity analysis section, the wimgiiteamprovided a comprehensive analysis of
Saf el i f e offeredjeastbleresconanerdiation® achieve therbased on their findings. By

identifying assumptions and limitations of the ddlkee report offexd a realistic projectio. They
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also highlighéd areas to improvement and o#etailored recommendations ool t er Saf el i

goal and talecreas@ure premiums.

In the data limitations and assumptions sectibwe, winning team acknowleddehe
limitations of the data used for analysis atiey listed all the corresponding assumptions and
justifications to address these limitationhe tablepr ovi ded by thwas wi nne
comprehensivandwas transparent about its methodologycdhhelp the readers derstand the
potential uncertainties and biases in the analyisibelwinning teanctould expand more analysis
on the justifications and the corresponding effects of the data limitatienseport will be more
creditableand help the readers to makeomhed decisionsAlso, the data provided by Safelife
only includel the ten years of Safelife claims data history for existing personal and commercial
automobile policies. The results of its data analysis cannot stand for the whole automobile market.
Although t he wi nn e dé&at properaons ofadata drome the US analyasde
representative of proportions in Carbia, external data resources could also be used to make
calculations and predictions and compare with the results from the data by Sahdisecond
teammade an important contribution Iyghlighting a viewpait that is often overlooked when
consider data limitation3.hey pointed out thahe arbitrary factors such as natural disaster cannot
captured by time series modelingdditionally, ethical critiquegegardingseltdriving car and
determining liabilityfor car incidentsvere primary concerafor personal auto claim

OveralL, he winning teamds report has sever al
organized table tgeneate andgpresent important information clearly and effectyvél makes the
information much easier to be viewed by the audience. Addition#tlir unique and
comprehensivéhoughts and ideas of the wing teamweresupported byextensive justification

supporting calculations, and alternative consideratidie winring team included several
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assumptions and complex estimates in the appendices and Excel workbooks, with the main report

focudgng on the conclusions, limitations, and their impacts on Saféifieer teams also came up
with a lot of good ides butthey coulchaveexpan@dontheir analysis anthade moresuggestions
accordinglyto improve their reports

Reflecting on my experience of conductthesliterature review| have come to appreciate
the importance of planning and organizatigvhen working on our own case project, we will
conduct thoroughesearch to determine the current market situation and propose solutiooihfor
the present and future. The advantage of the winning team is ndbageyeratgood solutions
and analysis, buélso to considemultiple perspectivesand raise questions and suggestions
accordinglyWe will use variousnodels and analytical methogsesening themin different ways
andprovidingsupporting evidenc® compareheir pros and condhis will enable us tdetermine
and selecthe best model for the policy design.

As a student with limited workingxperience in the actuarial industtyh e v en 6t had mi
exposure to realorld actuarial problem®articipatinginth& OA6s st udent case st
provides avaluableopportunity togainhandson experiencén identifying issues and preseing
my analysis. The symbiotic relationship ofathematics and computing led me to research
pat hways blending into the two disciplines to
figured out my interest in either life insurance or property and causality insurance, through the
research, | foundhat my interestin the nontraditional sideof actuarial science has grown,
particularly in ombinng it with data science. At this pointpore and more organizations in
various industries, such as technology, commerce, and healthcare, are becomingetatand

there is no doubt that data science will continue to make innovative progress in our lives.
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The case study hedpne to gain essential strategic and adaptive reasoning in the study of

statistics and actuarial science. The integration of matiesweith computing widened the scope

of problems that | am able to solve and facilitated challenging yet interesting opportunities to arise.
This case study has instilled a passion in me to explore computing specializations like Algorithms
and Data Struatres. Within the consideration of my future career planning, | would like to go to

a graduate school to learn more in the field of Data Science, combining aspects of statistics,
mathematics, and programming to address real problems. Also, | look forwaotkiog at a
insurance company where | can design advanced algorithms and models with my acquired

knowledge and expertise in boMetuarial Science and Data Science.



Chapter 2 Methodologies

Below, Table 1 provides a summary of the methodologies used to design the program.

Additional details can be found in the appendices.

Table 1. Methodologies

ARIMA Model FutureAnnual Appendix A Previous inflation data
Inflation appeared to follow

stationary time series trend]

Future Weather Appendix B Model was provided to the
Events team to for this purpose

Multiple Linear Population, GDP, & Appendix C, Obtained data for every ten
Regression Average Annual AppendixH, years from frequency
Property Damage & AppendixJ projection model and needq
Forecasting to forecast data for the yea
in between

Lower Bound of Appendix A Find worst case scenario fg
GDP cost allowance for program|

Predictive Sigmoid  Relocation AppendixG A useful way to forecast
Models Forecasting population movement
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Chapter 3

Program Design

Key Metrics & Timeframe

To assess the effectiveness of our program, our team established a plan to monitor key
metrics (property damage, regional population, and program costs) yearly over-q@at 00
long-term goal Our team understands that there is great uncertaimiy forecasting that far
into the future, but it is necessary in order to create noticeable change in the population of each
region without disrupting the economy and daily life within those regions. However, our team
understands that this program cangotunchecked, so we plan to fully reassess our program at a
shortterm goal of 10 years. At the 4@ar mark, there must be a noticeable shift in the
populations of each region while additionally not seeing too rapid relocation throughout the
country. Oterwise, the benefits offered by the program must be adjusted to keep the program on

pace.

1. Storslysiads shared s o dpdatedevery® years. SPPat hway s
reflect assumptions about population growth, economic growth, the use of sustainable
energy sources versus fossil fuels. By monitoring SSPs, we can determine the emissions
trend that Storslysia follows and more accuratelygligtehe movement of factors such as
GDP, population, and disaster frequency & severity. The factors that go into these do not
significantly change yedo-year so every-80-5 yearwould provide more information to

get a more accurate assessment.
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2. Total Property Damage Reported yearly. Appendix C contains a graph and table with

these expected values with and without | mp
the program to be working, the average annual total property damage for Storslysia
should baunder the line of its current SSP without the program.

3. Region Populations:Reported yearly. Total and regional population will not be
consistent year to year and will vary grea
percentage of total populationrfeach region should change if the program is working.

Regions 2, 4, & 5 should see a decrease while regions 1, 3, & 6 should see an increase if
the program is working. These population changes will be more prominent further into
the program as shown by pendixG.

4. Program Costs and GDP:Reported Yearly. Program costs should be well under 10% of
GPA yearly as shown in AppendixThere will be some larger costs up front because of

the creation of new housing but will decrease throughout the program.

Relocdion Social Program Overview

The goal of our program is to mitigate Sto
caused by weather events. The program uses annuities and lump sum benefits to encourage
citizens to relocate proactively and help those fotoa@locate after a weather event. The
citizens of Storslysia can receive these benefits by filing a claim, which will be looked at on a
caseby-case basis. For a citizen of Storslysia to file a claim under our proposed program they

must fall into one ofwo categories: a voluntary relocator or an involuntary relocator.
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A voluntary relocator is someone looking to move from a hazardous area to a safer area

before a weather event affects them. They will be given a financial benefit to help cover

increased economic and housing costs. To receive this benefit, they must move prior to being
affected by a weather event. An involuntary relocator is a victim of a natural disaster that has no
choice but to move. They are considered displaced from thesehshen they are within the

weat her eventds declared area and the cost of
book value of the house, all of which is to be determined by a claims adjuster. Involuntary

relocators will have a portion of theirsfilacement costs covered, which includes property

damage to their house, recovering household goods, and temporary housing.

Voluntary Relocation

The goal of our voluntary relocation program is to promote the migration of Storslysia
citizens from historicdy disastrous regions to safer regions before future events occur. However,
the program must also promote a gradual movement rather than a rapid movement to prevent
population growth from outpacing available housing and resources for incoming citizens. By
implementing this voluntary relocation program, we hope to see less people and properties
impacted by frequent and severe natural occurrences, all while maintaining or improving each
region's economy.

To ensure the movement of citizens from dangerous aoesafer areas, our program will
offer different benefits for voluntary relocation based on the region citizens are moving to and
the region those same citizens are moving from. It was found that the desirable regions were 6, 3,

and 1 while the undesirboregions were 2, 4, and 5 (Appenéix Therefore, citizens
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voluntarily relocating to regions 6, 3, and 1 would receive the benefit while those relocating to

regions 2, 4, and 5 would receive no benefit. Based off these realizations, we developed Table 2
that illustrates small, medium, and large benefits based on the region a citizen is moving from

(rows) and the region they are moving to (columns):

Table 2. Voluntary Relocation Benefit Matrix

Medium

- Small Medium Large
- Small Medium Large

Considering the proportion of people expected to leave each region, we expect the total

incoming population for regions 1, 3, and 6 to be made up of 67.32% of region 2, 14.50% of
region 4, and 18.18% of region 5. By implementing this benefit structureopesto see
movement throughout the regions that follow similar trends to the sigmoid functions in appendix

G.

Involuntary Relocation

A person is considered displaced from their house when the cost of repairing the damages

of a natural disaster exceetie tbook value of the house, which is to be determined by a claims
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adjuster. Eligible people will have a portion of their displacement cost covered. The

displacement costs defined by our policy include property damage to their house and relocation
costs.

Since we are not given data on the number of households or people affected by natural
disasters, we must cover a straight percentage of each person's property damage and thus a
percentage of total property damage. We plan to cover 35% of property damiadig. e
also define relocation costs as temporary housing costs plus the cost of replacing household
goods. To incentivize citizens to leave bad regions after a disaster, our program is designed to
cover different portions of relocation costs based bare/the citizens are relocating as per
Table 3. Additionally, citizens choosing to remain in the same region will still receive these

benefits even if they choose to stay in those regions.

Table 3. Relocation Benefit by Region

20% 75% 30% 30% 100%

When the cost of repairing the damages of a natural disaster fails to exceed the book
value of the house, a citizen will still have a portion of their property damage covered but will
not be eligible for any other benefits of our involuntary relocatiognara. If a citizen wants to
move after a smaller disaster, they should apply for the voluntary relocation program rather than

the full involuntary relocation program.
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Chapter 4

Pricing and CostsProjections

In the shorterm implementation of our program, wepect to see significantly more
costs with our program than without our program because we expect to see little movement of
people immediately and more costs expended from our program initiation. However, in the long
term, we expect to see significantgss costs because people are expected to leaveskgh
areas to move to lowisk areas, creating less of an economic and psychological setback from

natural disasters.

Voluntary Relocation

The cost of our voluntary relocation program is determined byahe of the benefits

we offer and the amount of people we project to accept these benefits as seen in Table 4.

Table 4. Voluntary Relocation Costs

50% of living costs

20% of living costs  35% ofliving costs

0.25% 0.30% 0.35%
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2% of median 4% of median 6% of median
owneroccupied owneroccupied owneroccupied
house value house value house value

Living costs are equal tmedian rent and median monthly homeowner housing costs for
a region combined. Based on our teambés popul a
population over time and shifting region populations within the country, we expect following
number of housetids to receive the voluntary relocation benefit by moving to the following

regions over 100 years as shown in Table 5.

Table 5. Regional Movement

59,364 268,140 749,572

22,336 148,877 771,003
32,740 299,468 524,418

65,001 204,503 1,075,214

Altogether, we expect to see average annual costs for the voluntary relocation program as
follows with much lower cost in earlier years and larger costs in later yefutsigsgenerations
begin to adopt the program more frequently according to our projections. The annual average
over the 100 years is shown in Table 6 below. Our team also expects to see a reduction in the

100-year average relocation costs as shown in Appdd because of this program.
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Table 6. Average Annual Voluntary Program Costs

921,783,798.7z 821,858,154.66 727,219,343.60 1,166,533,006.8(

Involuntary Relocation

By holding property damage per household and person per household constant
throughout each region, our team estimated future property damage costs with the program
implemented. Then, we estimated the cost of covering 35% of these future property damage

values in Table 7.

Table 7. Average Annual Involuntary Program Costs

267,088,596.87 266,733,680.99 218,647,998.95 320,932,515.7]

3,894,934,230.¢ 3,892,025,072.: 3,138,995,672.5 4,760,396,694.§

0 0 4 7
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These actual costs will be higher in early years and lower in later years as people begin to

relocate out of highiisk regions. Involuntary costs are significantly higher than our voluntary
costs. Thus, it is essential that we begin our voluntary relocptmgram immediately so that

fewer citizens must file for involuntary relocation.

Cost Summary

The average annual cost of the program should be largely consistetd year because
as involuntary costs decrease from relocation, voluntary costs ¢f@iridreasing from the
increased movement of people within the 100 years. To ensure with a high degree of certainty
that there is enough capital to cover the total costs of the program, we should hold the amount of
annual capital that it would take to @mthe program if Storslysia ends up as an SSP 5 country
because it is most expensive to maintain this program. More information can be found in

Appendices C, D, and.



Chapter 5

Risk Mitigation Strategies

Quantitative and Qualitative Risks

As the new program is implemented, potential risks and unforeseen events may rise and
have a material impact on the program. To prevent and reduce potential risks, we identify

possible quantifiable and qualitative risks and provide risk mitigation pktes in Table 8 and

10.

Table 8. Quantifiable Risks

Catastrophe events
occurring more
frequently or witha
greater severity than
anticipated

Insufficient funding
for the program due
to theeconomic
constraints

Individuals are more
likely to be affected
by catastropbor
have higher risks of
displacement

Lead to a higher
thanexpected
number of claims anc
payouts under the
social insurance
program

Lead to inadequate
benefits or coverage
of those affected by
catastrophic events

Lead to an imbalance
in risk pool anca
higher premium for
other participants

19

Make emergency
response plans and
develop contingency
plans for catastrophig
events

Identify and secure
funding from
multiple resources
Exploremore
opportunities for
costsharing with
other stakeholders

Develop
comprehensive
eligibility criteria to
ensure the risk pool i
balanced. Catinuous
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monitoring and
evaluation

Delays in program  Inadequate coverage Monitor and evaluate
rollout or technical  or delayed benefit  the implementation
ISsues in data payments risks regularly and
collection and modify the
management system implementation plan
accordingly

Demographic trends Affect the demand  Focus ordeveloping
such as population  for relocation contingency plans fo
growth and aging are assistance and the demographic trends
unpredictable potential costs of

displacement

To prioritize the design and implementation of the insurance program for relocation in
Storslysia, we use a risk matrix that combines the likelihood of a risk occurring and the severity
of the risk to rank the quantifiable risks. In the likelihood andrsgv@able (Table 9), we
identify the likelihood of the risks based on the probability of the risk occurring on a scale of 1 to
3, with 1 representing a risk that is very unlikely to happen and 3 a risk that is highly likely to
occur. We also assess theesgty based on the impact of each risk on a scale of 1 to 3, with 1

representing a minimal impact and 3 a catastrophic impact.

Table 9. Likelihood and Severity Risk Matrix

Medium-6 High-9 Risk 1

Risk 4 Medium-4 Risk 3 Medium-6 Risk 2
Low-2 Risk 5 Low-3
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We also ranked the quantifiable risks based otikeBhood and severity risk matrix.

Unpredictable catastrophic events risk has the highest severity since it has the potential to cause
considerable damage to property and infrastructure, as well as loss of life. The likelihood of such
an event is difficli to predict accurately, but we identify its likelihood as high because the risk is
increasing due to climate change and catastrophic eventsiongeupre frequently. As a result,
we ranked the risk of unpredictable events as high (9). The impact of ireufficnding could
be high if it leads to inadequate coverage or benefits for individuals affected by catastrophic
events. The likelihood of the risk is moderate because it depends on several factors, such as the
availability of resources, and the likelibb can be estimated based on the size of the diversity
and local economy. Therefore, we ranked the risk as medium (6). The impact of adverse
selection could be moderate because it may result in a higher risk pool, which could increase the
overall cost oflie program. The likelihood is medium because it may depend on factors such as
individual behavior and outreach behaviors. Therefore, the risk is identified as medium (4). We
identified the risk of implementation as low (2) since it is a common risk assmheveh any
largescale program implementation. The likelihood is medium, and it depends on the
complexity and effectiveness of the program. The severity is minimal with potential for minor
delays or technical difficulties. The risk of demographic trendw (2) with low likelihood and
medium severity.

On top of quantifiable risks above, our team also identified possible qualitative risks and

the risk mitigation plans in Table 10.

Table 10. Qualitative Risks



22

Incentives Insufficient incentive  Offer attractive incentives

provided are will discourage depending on the needs ang
insufficient or too  voluntary relocation,  preference of the population
high high incentives will in a specific region. Publicizj

lead to overcrowding and market to potential
and increase risks in  participations to increase

those regions awareness
New policy may  The inequalities may  Regularly monitor and
unintentionally cause uneven evaluate the equity outcome
exacerbate existing participation and may Ensure the transparency an{
inequalities or further exacerbate accountability of the progma

create new ones economic disparities

The resources and Lead to a delay of the Preplan and prepare to
housing for people implementation of the ensure the availability of the

moving to certain plan resource. Collaborate with
regions are not other Storslysia task force fg
enough emergency purpose

Sensitivity Analysis

After careful research and utilizing actuarial judgment, we have selected certain
assumptions for our project. However, it is important to note that these assumptions may deviate
from our initial expectations due to various factors. To account for any potential fluctuations, we
conducted a sensitivity analysis to determine how theseghas wi | | i mpact our
relocation cost.

We performed sensitivity analyses with the expected involuntary relocation, expected
voluntary relocation percentage, and the number of months in temporary housing. Our
assumptions of ranges are shawppendix E. The program is never close to exceeding 10%

of Storslysiab6s GDRPR20Wilion annually i the woestdse scenartos o f 15
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Our team can also say with great certainty that the economic costs associated with the program

will be less than the economic costs without dwee. While the initial costs will be high, the
program willultimatelysave Storslysia money over the next 100 years.
Chart below shows baseline, best, and woase scenarios for various quantified

assumptions

Table 11. Sensitivity Test Assumptions

months in temporary housing 24 12 6

% involuntary population 10.0% 2.0% 0.5%
displacement

% involuntarypopulation 5.0% 1.0% 0.5%
displacement

% expected voluntary mover 0.5% 2.0% 10.0%

% expected voluntary mover 0.5% 1.0% 5.0%

material and housing cost increa 50.0% 35.0% 5.0%

after weather events

The tabls below show the scenario analysis on the percentage change of the relocation
cost with and without the implementation of our program in the worst and best case. The worst
best case column indicates how the relocation cost savings will still be posgpieedbe worst

case scenario

Table 12. Percentage Change of the Relocation Cost for Worst Case Scenario
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Stodlysia 1 Stodlysia 2 Storslysia 3 Stodlysia 5
-0.03118 -0.03118 -0.03118 -0.03118
-0.03231 -0.02922 -0.03541 -0.02555
-0.03228 -0.02989 -0.03452 -0.02721
-0.03226 -0.03051 -0.03368 -0.02872
-0.03223 -0.03108 -0.03291 -0.0301
-0.03221 -0.03159 -0.0322 -0.03134
-0.03219 -0.03207 -0.03155 -0.03246
-0.03218 -0.0325 -0.03096 -0.03347
-0.03217 -0.03288 -0.03042 -0.03437
-0.03216 -0.03323 -0.02994 -0.03517
-0.03216 -0.03355 -0.02951 -0.03587

Table 13. Percentage Change of thRelocation Cost for Best Case Scenario

Stodlysia 1 Stodlysia 2 Storslysia 3 Stoslysia 5
-0.14332 -0.14332 -0.14332 -0.14332
-0.12494 -0.12223 -0.12819 -0.11772
-0.12512 -0.12301 -0.12742 -0.11974
-0.12528 -0.12371 -0.12671 -0.12157
-0.12543 -0.12436 -0.12605 -0.12323




-0.12556

-0.12569

-0.1258

-0.12591

-0.12601

-0.12611

-0.12496

-0.1255

-0.12599

-0.12644

-0.12684

-0.1272

-0.12545

-0.1249

-0.1244

-0.12395

-0.12355

-0.1232

-0.12474

-0.12609

-0.12731

-0.12839

-0.12934

-0.13018

25

Stodlysia 1

0.143323

0.128190

0.127422

0.126710

0.126052

0.125447

0.124895

0.124396

0.123947

0.123549

0.123201

BestCase Scenario

Stolysia 2
2020.143323
2021.117723
2022.119736
2023.121570
2024.123234
2025.124739
2026.126094
2027.127307
2028.128387
2029.129343

2030.130182

Storslysia 3
-0.143323
-0.124938
-0.125116
-0.125277
-0.125426
-0.125562
-0.125687
-0.125803
-0.125912
-0.126014

-0.126112

Table 14. Difference of Percentage Change of the Relocation Cost Between Weitd

Stoslysia 5
-2020.143323
-2021.122233
-2022.123005
-2023.123715
-2024.124365
-2025.124959
-2026.125500
-2027.125992
-2028.126438
-2029.126840

-2030.127203
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Table 15shows the baselingercentagehanges of expected voluntary movers with and
without the program. When compared to the chart above, the best case is better, and the worst

case is worse, showirtatthe sensitivity analysis is effective in this case.

Table 15. Percentage Change of the Relocation Cost for Baseline

Storslysia 1 Storslysia 2 Storslysia 3 Stolysia 5
-0.009591 -0.009591 -0.009591 -0.009591
-0.010749 -0.007588 -0.013913 -0.003859
-0.010719 -0.008272 -0.012997 -0.005544
-0.010690 -0.008902 -0.012146 -0.007082
-0.010663 -0.009479 -0.011358 -0.008481
-0.010638 -0.010007 -0.010632 -0.009748
-0.010617 -0.010488 -0.009966 -0.010891
-0.010599 -0.010925 -0.009359 -0.011916
-0.010585 -0.011320 -0.008810 -0.012830
-0.010575 -0.011676 -0.008317 -0.013640
-0.010570 -0.011995 -0.007879 -0.014352
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Chapter 6

Assumptions

Risk Uniformity Within Regions: The risk of property damage from a weather event is
uniform across a given region. This means that moving from one part of a region to
another part in the same region would not decrease the chance of being affected by a
weather event.

GDP and Population Follow Trends Similar to OECD Countries: Storslysia has a
similar GDP per capita to developed countries, so trends in GDP and population will
more closely resemble ODEC SSP predictions rather than global SSP predictions.
Property Damage Applies Only to Reslential Property: The property damage figures
given in the files are only residential properties in Storslysia and not commercial
properties. Therefore, relocation benefits will only be provided to residential property
owners and not commercial propertyrews.

1.5% of Population is Involuntarily Relocated per Year:This follows the latest trends

in the U.S. which is a country that experiences a range of weather events like Storslysia.
Average Relocation Time of 12 MonthsThis follows the latest trends the U.S.

which is country that experiences a range of weather events like Storslysia.

35% Increase in Supplies & Labor After a Weather Event:This value was within the
range given.

2003 Inflation Figure Was Incorrect: The 2003 inflation figure was impsibly large

and was adjusted to a more appropriate value based-gea Brior average.
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Persons Per Household is Constant¥We assume there will not be a serious change in

the average number of people per household over the next 100 years so we can use
population projections to predict the number of households.

Property Damage Does Not Include Household Goodbstousehold goods are not
included in the property damage figure and must be accounted for elsewhere.
Population Inflow to Safe Regions will Follow Consistent TrendsThe proportion of
citizens coming from a specific region to another region will be ptmpaily equivalent

each year.
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Chapter 7

Data Limitations

No Prior Emissions Data:There was no indication which SSP Storslysia currently
follows or is heading. Since each SSP affects many critical factors and varies greatly in
the long term, it made difficult to create a single baseline model.

Only 3 Years of Census Data & 2 Years of GDP DataVith only three years or less of
census and GDP data, it is incredibly difficult to accurately forecast growth or decline in
Storslysia with great certainty

Only 60 Years of Weather EventsWith only 60 years of weather data, it is challenging
to find the frequency of extremely severe weather events.

Number of Properties Damaged is UnknownWhen determining involuntary

relocation, we had to assume how maouseholds would be affected since it was not

included in the hazard data set.
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Chapter 8

Conclusion

With an issue this large, there is not going to be a perfect fix. Weather events are not
something that humans can control, but we can take meas@westour e each ot her 0s
well-being. Our team saw a reduction in property damage and involuntary relocation expenses in
all SSPs with our program design. By implementing our recommended program, Storslysia can
reduce the number of citizens affecteithaut hurting its economy or disputing daily life with

great certainty.



Appendices

Appendix A: GDP Confidence Interval and Inflation Projection Code

gdpdata = GDP_and_Max_Program_Cost_Sheet
GDPSSP1 = gdpdata$ Storslysia GDP (Trillion $)...2
GDPSSP2 =dpdata$ Storslysia GDP(Trillion $)°
GDPSSP3 = gdpdata$ Storslysia GDP (Trillion $)...4°
GDPSSP5 = gdpdata$ Storslysia GDP (Trillion $)...5°

year = gdpdata$Year

GDPFitl = Im(GDPSSP1~year)
summary(GDPFitl)

predict(GDPFitl, gdpdata, interval="confidence/de= .95 )

GDPFit2 = Im(GDPSSP2~year)
summary(GDPFit2)

predict(GDPFit2, gdpdata, interval="confidence",level = .95)

GDPFit3 = Im(GDPSSP3 ~ poly(year, 2, raw=TRUE))
summary(GDPFit3)

predict(GDPFit3, gdpdat&terval="confidence",level = .95 )
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GDPFit5 = Im(GDPSSP5 ~ poly(year, 2, raw=TRUE))

summary(GDPFit5)

predict(GDPFit5, gdpdata, interval="confidence",level = .95)

Inflation = Inflation_Data

inflation_ts = ts(Inflation$Inflation, start = 1962, en@621, frequency = 1)

acfinf = acf(inflation_ts)

autoarimainf = auto.arima(inflation_ts, stationary = TRUE, seasonal = FALSE, ic =
"aic")

predinf = predict(autoarimainf, n.ahead = 100)
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Appendix B: Weather Events

Weather events were first calculdtey region using the model given. The outputs were

then summed together for all Storslysia. Those tables are below.

45.836 5.305

53.017 6.137 2.439 53.972 6.246 2.483
60.871 7.046 2.801 65.736 7.608 3.025
68.923 7.978 3.171 82.473 9.547 3.795

77.679 8.992 3.575 106.424 12.318 4.896



86.667
94.844
102.316
109.645
117.226
125.063

10.03
10.977
11.842

12.69
13.567
14.474

3.987
4.364
4.707
5.045
5.394
5.754

140.312
186.441
244.581
312.209
388.081
472.198

16.239
21.579
28.309
36.135
44917
54.651

6.456
8.578
11.254
14.365
17.858
21.728

34
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Appendix C: Property Damage

The average property damage for each severity level was found for all historical events.
However, to more accurately account for large catastrophes, the Major grouping was instead
calculated using a-ih-3-year estimate for weather events between 100,000,@,000,000,000
and a 1in-10-year estimate for weather events above 1,000,000,000. The difference in the

adjusted averages is shown below.

108,459.45 $ 108,459.45
1,659,292.05 $ 1,659,292.05
369,302,305.20 $ 364,573,674.36

Using the adjusted average property damage for each severity level, the estimated
number of weather events from Appendix (B), and the projected trends in population from
Appendix(H), our team was able to predict the average annual property damagecammihg

100 years based on the 4 different scenarios. These values are listed below.

$658,781,706.79 $ 637,781,691.43 $ 626,987,702.76 $ 723,594,862.55
$ 667,406,810.22 $ 650,519,669.50 $ 638,465,415.76 $ 723,112,024.67
$675,924,062.44 $ 663,118,954.05 $ 649,875,321.84 $ 723,762,775.78
$684,329,694.15 $ 675,575,253.16 $ 661,214,771.19 $ 725,584,240.27
$692,619,955.34 $ 687,884,395.22 $ 672,481,102.97 $ 728,612,438.34
$700,791,117.51 $ 700,042,325.69 $ 683,671,644.30 $ 732,882,323.96
$708,839,475.72 $ 712,045,104.10 $ 694,783,709.21 $ 738,427,820.58




$716,761,350.53
$ 724,553,089.87
$732,211,070.86
$739,731,701.46
$ 747,111,422.07
$ 754,346,707.10
$761,434,066.38
$ 768,370,046.56
$ 775,151,232.39
$781,774,248.02
$ 788,235,758.13
$ 794,532,469.06
$800,661,129.92
$ 806,618,533.54
$812,401,517.48
$818,006,964.96
$ 823,431,805.69
$ 828,673,016.73
$833,727,623.30
$ 838,592,699.53
$ 843,265,369.15
$847,742,806.27
$ 852,022,235.96
$ 856,100,934.98
$859,976,232.30
$ 863,645,509.81
$ 867,106,202.82
$870,355,800.64
$873,391,847.15
$876,211,941.32
$878,813,737.73

T < A A - < R - B 2 A - A - < R B - A - A - A 2 S - N - - A - B - A 2 AN - B -2 S - A - - A < R < R - B - R -

723,888,901.11
735,569,995.74
747,084,772.71
758,429,719.88
769,601,425.77
780,596,577.29
791,411,957.42
802,044,443.09
812,491,003.13
822,748,696.30
832,814,669.34
842,686,155.25
852,360,471.46
861,835,018.24
871,107,277.05
880,174,809.07
889,035,253.66
897,686,327.05
906,125,820.93
914,351,601.20
922,361,606.75
930,153,848.25
937,726,407.08
945,077,434.21
952,205,149.22
959,107,839.29
965,783,858.30
972,231,625.93
978,449,626.81
984,436,409.74
990,190,586.90

ST < A T B R - BN - B - A - B - < B A - A < A - B 2 A - N - - A - B - A - N - B -2 S - A - R <~ S - B - A - N - R -

705,814,597.60
716,761,594.24
727,621,967.63
738,392,968.94
749,071,830.94
759,655,766.82
770,141,969.10
780,527,608.42
790,809,832.39
800,985,764.35
811,052,502.14
821,007,116.86
830,846,651.52
840,568,119.76
850,168,504.48
859,644,756.44
868,993,792.85
878,212,495.85
887,297,711.08
896,246,246.08
905,054,868.69
913,720,305.44
922,239,239.85
930,608,310.67
938,824,110.11
946,883,181.96
954,782,019.68
962,517,064.46
970,084,703.12
977,481,266.02
984,703,024.89

B B B B B B P B B B B B B B

$

$ 1,024,798,560.34
$ 1,056,364,417.52
$ 1,089,672,533.07
$1,124,742,247.63
$1,161,592,326.40
$ 1,200,240,973.07
$ 1,240,705,843.21
$ 1,283,004,057.07
$1,327,152,211.99
$ 1,373,166,394.16
$1,421,062,190.05
$ 1,470,854,697.35
$ 1,522,558,535.44
$1,576,187,855.6]
$ 1,631,756,350.58
$ 1,689,277,264.05
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745,281,855.33

753,476,391.47
763,042,459.17
774,010,185.27
786,408,821.47
800,266,770.65
815,611,613.19
832,470,130.94
850,868,330.89
870,831,467.27
892,384,063.19
915,549,930.92
940,352,191.51|
966,813,293.5
994,955,030.91'




$ 881,194,947.10
$ 883,353,336.78
$885,286,731.27
$ 886,993,012.70
$ 888,470,121.35
$889,716,056.14
$ 890,728,875.11
$ 891,506,695.94
$892,047,696.48
$ 892,350,115.21
$892,412,251.84
$892,232,467.75
$ 891,809,186.63
$ 891,140,894.97
$890,226,142.68
$ 889,063,543.67
$ 887,651,776.43
$885,989,584.71
$ 884,075,778.17
$ 881,909,233.01
$879,488,892.74
$ 876,813,768.87
$ 873,882,941.69
$870,695,561.07
$ 867,250,847.27
$ 863,548,091.84
$859,586,658.49
$ 855,365,984.05
$ 850,885,579.48
$846,145,030.87
$ 841,144,000.54

$ 995,710,833.15
$ 1,000,995,885.37
$ 1,006,044,541.76
$ 1,010,855,661.27
$1,015,428,163.01
$1,019,761,025.73
$ 1,023,853,287.31
$1,027,704,044.26
$1,031,312,451.34
$ 1,034,677,721.09
$1,037,799,123.52
$ 1,040,675,985.70
$ 1,043,307,691.53
$ 1,045,693,681.37
$ 1,047,833,451.88
$ 1,049,726,555.71
$ 1,051,372,601.38
$ 1,052,771,253.09
$ 1,053,922,230.58
$ 1,054,825,309.04
$ 1,055,480,319.01
$ 1,055,887,146.38
$ 1,056,045,732.34
$ 1,055,956,073.39
$ 1,055,618,221.40
$ 1,055,032,283.65
$ 1,054,198,422.97
$ 1,053,116,857.83
$1,051,787,862.52
$1,050,211,767.32
$ 1,048,388,958.72

$ 991,746,190.53
$ 998,606,910.48
$ 1,005,281,266.60
$1,011,765,272.51
$1,018,054,871.03
$ 1,024,145,931.38
$ 1,030,034,246.43
$ 1,035,715,529.74
$1,041,185,412.48
$ 1,046,439,440.32
$1,051,473,070.05
$ 1,056,281,666.19
$ 1,060,860,497.39
$ 1,065,204,732.70
$ 1,069,309,437.65
$1,073,169,570.22
$1,076,779,976.53
$ 1,080,135,386.47
$ 1,083,230,409.03
$ 1,086,059,527.45
$ 1,088,617,094.15
$ 1,090,897,325.43
$1,092,894,295.87
$ 1,094,601,932.55
$ 1,096,014,008.91
$1,097,124,138.33
$1,097,925,767.42
$1,098,412,168.93
$1,098,576,434.34
$1,098,411,466.02
$ 1,097,909,969.04
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$ 1,748,763,399.58

$1,810,227,129.28
$ 1,873,680,402.09
$ 1,939,134,751.89
$ 2,006,601,305.03
$ 2,076,090,787.99
$2,147,613,534.29
$2,221,179,491.54
$ 2,296,798,227.97
$2,374,478,938.82
$ 2,454,230,452.49
$2,536,061,236.46
$2,619,979,402.95
$2,705,992,714.44
$ 2,794,108,588.89
$ 2,884,334,104.89
$2,976,676,006.44
$ 3,071,140,707.85
$ 3,167,734,298.01
$ 3,266,462,544.97
$ 3,367,330,900.04
$ 3,470,344,501.8]
$ 3,575,508,180.09
$ 3,682,826,459.59
$ 3,792,303,563.52
$ 3,903,943,417.07
$ 4,017,749,650.69
$ 4,133,725,603.27
$ 4,251,874,325.272
$ 4,372,198,581.35
$ 4,494,700,853.74




$ 835,882,228.18
$830,359,532.04
$ 824,575,810.14
$ 818,531,041.63
$812,225,288.11
$ 805,658,695.12
$ 798,831,493.56
$791,744,001.37
$ 784,396,625.09
$776,789,861.68
$768,924,300.30
$ 760,800,624.22
$752,419,612.87
$743,782,143.91
$ 734,889,195.50
$ 725,741,848.58
$716,341,289.34
$ 706,688,811.82
$ 696,785,820.55
$686,633,833.49
$676,234,484.93
$ 665,589,528.67
$654,700,841.35
$ 643,570,425.86
$ 632,200,415.07
$620,593,075.61
$ 608,750,811.95
$596,676,170.62
$584,371,844.69
$571,840,678.47
$ 559,085,672.42

$ 1,046,319,879.71
$ 1,044,005,029.98
$ 1,041,444,966.30
$ 1,038,640,302.81
$1,035,591,711.44
$ 1,032,299,922.28
$ 1,028,765,724.02
$ 1,024,989,964.45
$ 1,020,973,550.96
$1,016,717,451.06
$1,012,222,692.97
$ 1,007,490,366.28
$ 1,002,521,622.54
$ 997,317,675.99
991,879,804.30
986,209,349.32
980,307,717.93
974,176,382.91
967,816,883.79
961,230,827.87
954,419,891.21
947,385,819.66
940,130,430.01
932,655,611.10
924,963,325.08
917,055,608.68
908,934,574.53
900,602,412.56
892,061,391.48
883,313,860.32
874,362,250.01

B B B B B B B B B B P B B B B B

$ 1,097,064,442.51
$ 1,095,867,170.44
$1,094,310,212.17
$ 1,092,385,392.21
$ 1,090,084,289.55
$ 1,087,398,226.38
$ 1,084,318,256.13
$ 1,080,835,150.90
$1,076,939,388.03
$1,072,621,136.02
$1,067,870,239.52
$1,062,676,203.43
$ 1,057,028,176.07
$ 1,050,914,931.19
$ 1,044,324,849.01
$ 1,037,245,895.93
$ 1,029,665,602.97
$1,021,571,042.76
$1,012,948,805.11
$ 1,003,784,970.77
$ 994,065,083.55
983,774,120.41
972,896,459.49
961,415,845.82
949,315,354.60
936,577,351.71
923,183,451.35
909,114,470.39
894,350,379.22
878,870,248.78
862,652,193.35

B B B B B B B B &
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$ 4,619,383,344.40

$ 4,746,247,977.85
$ 4,875,296,403.60
$ 5,006,529,998.49
$ 5,139,949,868.99
$ 5,275,556,853.29
$ 5,413,351,523.42
$ 5,553,334,187.2(
$ 5,695,504,890.07
$ 5,839,863,416.89
$ 5,986,409,293.62
$6,135,141,788.99
$ 6,286,059,915.62
$6,439,162,432.23
$6,594,447,844.21
$6,751,914,405.27
$6,911,560,118.51
$ 7,073,382,737.60
$7,237,379,767.73
$ 7,403,548,466.64
$7,571,885,845.44
$7,742,388,669.46
$ 7,915,053,458.99
$ 8,089,876,489.92
$ 8,266,853,794.36
$ 8,445,981,161.19
$ 8,627,254,136.50
$ 8,810,668,023.99
$ 8,996,217,885.34
$9,183,898,540.44
$9,373,704,567.62
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! $546,109.988.35 $ 865,209075.05 $ 845 673,308.69 $9,565,630,303.8(i

The graph below shows how the average annual property damage for Storslysia is

projected to change after the implementation of the program dependent on the SSP. SSP 5 is not

included in the graph because its average annual property damage is almogirlBbybill 20

while its average annual property damage more closely resembles those found in the graph.

AVERAGE PROPERTY DAMAGE (P)

Storslysia Average Annual Property Damage

— SSP1 SSP2 === SSP3 == == =3SSP1W/ Program SSP2 W/ Program == = =SSP3 W/ Program
$1,200,000,000.00

$1,000,000,000.00 / \
C Y e T
$800,000,000.00 - S~ )

$600,000,000.00

$400,000,000.00

$200,000,000.00

$-
2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120

If the relocation program is effective, Storslysia should see a significant decrease in

property damage over time as the citizens relocate to sates. &roperty damage will be similar

with and without the program in the early years, but the difference will increase significantly as

people begin to relocate. The table below projects the total property damage for each shared

socioeconomic pathway ovarlOQyear period in the future.
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76,311,027,675.82 76,209,623,141.18 62,470,856,842.12  91,695,004,488.22

$79,908,343,694.2€ $95,144,747,901.5¢ $96,446,806,155.0z $352,598,667,653.0




41
Appendix D: Relocation Costs

Below is a table showing the average relocation cost savings for the firsaliof the

program assuming 12 months temporary housing.

78,340,464.5z 74,177,333.2€ 76,487,386.31 74,022,097.0

The graph below shows temporary housing costs for socioeconomic pathways with and
without voluntary program fategion2 which is the most problematic region. Dotted lines

decreasing from bold lines indicate how program is saving money.

Region 2 SSP Temp Housing Cost

===253P1 COSTS W/ Program  ——SSP1 COSTS W/O Program
S5P2 COSTS W/ Program S5P2 COSTS WO Program
=== 55P3 COSTS W/ Program  —S5P3 COSTS W/O Program
=== S55P5 COSTS W/ Program e SSP5 COSTS W{O Program
4 500,000,000

4.000.000.000
3.500.000.000

3.000.000.000

2.500,000.000

2.000.000.000

1.500.000.000

1.000,000,000

TEMPORARY HOUSING COSTS

500.000.000

2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120
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The graphoelow is similar to the one above but shows relocation costs decreasing

because of the voluntary program across the entire nation.

Total SSP Relocation Cost Comparison

= = = Storlysia 1 Costs w/ Program

Storlysia 1 Costs wio Program Storlysia 2 Costs w/ Program Storlysia 2 Costs wio Program

= = =Storlysia 3 Costs w/ Program
$12,000,000,000.00

Storlysia 3 Costs wio Program = = = Storlysia 5 Costs w/ Program === Storlysia 5 Costs wio Program

$10,000,000,000.00

$8,000,000,000.00

$6,000,000,000.00

$4,000,000,000.00

TOTAL RELOCATION COST (v)

$2,000,000,000.00

s
2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120

The table below shows the actual amount of money being saved each year because of the

voluntary relocation program.

$247,941,766.9¢ $269,608,118.9* $151,143,882.4¢ $377,386,368.11

Table below show 100 years of temporary housing cost % changes and total amount
changes from a comparison of a program and without voluntary program. The cost savings start

out slow but gradually increase exponentially overtime.
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96.85)
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15.75)
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86.70)

(24,2225
36.01)

(25,216,2
56.98)

(26,238,0
01.35)

(5,823,429.

99)

(5,742,691.

58)

(5.650,660.

21)

(5,547,108.

19)

(5,431,762.

98)

(5,304,347.

24)

(5,164,617.

25)

(5,012,281.

30)

(31,077,76
6.03)
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9.21)

(34,231,27
8.68)
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3.81)

(37,595,45
1.46)

(39,358,60
6.14)

(41,176,92
3.25)

(43,051,28
1.16)
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Appendix E: Region Rankings

We began this process by creating a ranking system for the overall quality of each region.
The safety of each region was ranked by property damage per person and property damage per
property over different time intervals. Person per hectare provided an additional consideration
for the desirability of a region because we hope to avoid large losses at once and dissatisfaction
of citizens by overpopulating a region. For example, ountéigcovered region 1 to be a very
safe region based on the frequency and severity of weather events within the region, but the
region is already the most populous region at 2.58 people per hectare. Therefore, we hope to
avoid much of a change in populatim this region.

Because the value of property differed from region to region, weights were given to each

region's property damage bas e éccapredhewioghunits.e gi on
Additionally, more recent years wecensidered in the rankings more frequently, thus placing
more weight on the more recent disasters. Each ranking was then averaged to determine the order

of most damage to least damage amongst all regions.

6,306,408 4,212,348 4,993,764 1,010,676 1,266,672 307,884
2,791,896 2,523,732 2,212,536 496,548 566,592 135,480
2,442,659 3,522,311 2,353,615 3,438,613 2,067,059 1,556,199
260,765 248083 221267 121135 158255 175164
1 1.051119988 1.178508318 2.152680893 1.647752046 1.488690599
143,628,091.67 2,702,242,637.8 53,900,389.62 25,526,914.17 25,258,669.80 693,317.43
1
187,675,627.13 3,116,803,972.5 596,834,416.34 411,405,649.03 70,265,907.71 15,522,686.45
©




629,474,544.59

1,457,315,935.3
2
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629,474,544.59
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2

22.77

29.76

99.82

231.08

51.44

67.22

225.46

521.98

2.58

4,369,474,063.1
5

25,107,822,372.
55

2,840,381,249.2
1

3,276,134,954.4
8

4,592,841,525.1
2

26,391,333,952.

66

674.30

777.75

1,090.33

6,265.23

1,125.47

1,298.13

1,819.86

10,457.26

1.20

596,834,416.34

2,514,779,075.0
9

63,522,057.51

703,374,324.13

703,374,324.13

2,963,688,057.9

4

12.72

140.85

140.85

593.48

28.71

317.90

317.90

1,339.50

212

421,022,823.48

2,017,812,122.6
5)

54,951,300.40

885,625,080.03

906,327,787.71

4,343,705,602.5

3

54.37

876.27

896.75

4,297.82

110.67

1,783.56

1,825.26

8,747.81

0.29

118,868,931.96

7,415,220,670.4
0

41,620,024.84

115,780,793.18

195,866,525.81

12,218,445,029.

33

32.86

91.41

154.63

9,646.10

73.46

204.35

345.69

21,564.80

0.61

50
22,165,862.87

359,982,113.57

1,032,135.14

23,108,477.38

32,998,111.66

535,901,988.11

3.35

75.06

107.18

1,740.60

7.62

170.57

243.56

3,955.58

0.20
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The final ranking for our region based on the size and safety factors above follow:
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Appendix F: Population Goals

Using the ranking system above a&tting each population maximum person per hectare
at 2.65 to avoid overpopulation and prevent large losses all at once, we developed the desired

population model:

6,306,408 4,212,348 4,993,764 1,010,676 1,266,672 307,884

= 2,442,659 3,522,311 2,353,615 3,438,613 2,067,059 1,556,199
2.65 2.65 2.65 2.65 2.65 2.65

6,473,046 9,334,124 6,237,080 9,112,324 5,477,706 4,123,927

103% 16% 125% 25% 25% 1339%
6473046 694362 6237080 252669 316668 4123927

166,638 -3,517,986 1,243,316 -7/58,007 -950,004 3,816,043
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Appendix G: Modeling Program Relocation Goals

The equation angraphs below model our goals for the population trends we expect each
region to follow, without considering the increase or decrease in population over time. These
graphs avoid accounting for population change over time to demonstrate the movement patterns
within each region most accurately. In the early years, we predict little movement from current
residents that are settled and more movement as second, third, and fourth generations arise. Once
we surpass 100 years, we expect desirable regions to pieteause of population constraints
we considered, and we expect undesirable regions to floor due-taowars that refuse to leave

their region or that do not find the benefits more useful than remaining in their region.
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The following graph illustrates region functions combined with ouryi€)y program

goals highlighted:
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Appendix H: Modeling Regional Population Trends with and Without Program

Once we were able to @ishe sigmoid functions above to project population shifts within
the country as a result of our program, we could then apply population growth factors to
determine the difference in the population with and without our program in place. The
population movment was found by multiplying the growth rate of the OECD population trends
on the I PCC scenarios website by Storslysiads
Storslysiabds current region popul aé.Weenthe wi t ho
program is not in place, the regions are expected to grow the same as the whole population
would. However, when the program is in place, populations of the regions shift both by the IPCC
growth/decline and the sigmoid function growth/declifide following graphs represent our
findings, where the orange trend represents that there is no program, and the blue trend
represents that there is a program in place.
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