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Verisk Professional Team Report March 20 — 23, 2023 and November 2 & 3, 2023

On March 20-23, 2023, the Professional Team conducted an on-site review of the Verisk
Hurricane Model for the United States Version 2.0.0 as implemented in Touchstone® 2022A.
The following individuals participated in the review.

Verisk
C. Arunkumar, Senior Model QA Analyst
Siddhartha Kumar Arya, Information Security Manager
Sarah Bobby, Ph.D., Principal Engineer, Research and Modeling
Julia Borman, Ph.D., Manager, Consulting and Client Services
Nicholas Brewer, Senior Risk Consultant, Consulting and Client Services
Robert Cabeca, External Independent Peer Reviewer
Muralidhar Chittapragada, Senior Principal Engineer
Igor Cizeli, Senior Scientist
Dennis Costello, Senior Product Manager
Suryanarayana Datla, Vice President, Research
Anamitra Dhar, Senior QA Engineer
Phaninath Dheram, Senior Manager, Software Development
Thomas Diamond, Principal User Experience Designer
Carol Friedland, Ph.D., P.E., C.F.M,, External Independent Peer Reviewer
Andreea Gavrilescu, Risk Consultant, Consulting and Client Services
Srimanta Ghosh, QA Manager
Stacey Gotham, FCAS, MAAA, CEEM, Senior Actuary
[sabelle Grenier, Ph.D., Scientist, Research and Modeling
Anthony Hanson, Director of Analytics
Aditya Jinna, Manager, Software Development
Tim Johnson, Ph.D., Principal Engineer and Senior Manager, Research and Modeling
Mohan Kandulapati, Senior QA Engineer
Emma Kaplan, Manager QA
Mohammad Muzzaffar Khan, Model QA Analyst
Vladimir Kireyev, Director of Software Development
Aaron Knox, Senior Analyst, Data Management
Viswa Kokkonda, Lead, Software Development
Sylvie Lorsolo, Ph.D., Principal Scientist and Senior Manager
Jianjun Luo, Ph.D., Principal Engineer and Senior Manager
Manoj Medarametla, Principal Software Engineer, Software
Asha Prabhu, Senior Software Engineer, Software Development
Karthik Ramanathan, Ph.D., Assistant Vice President, Principal Engineer
Thomas Renault, Senior Analyst, Extreme Event Solutions
Indumathi Sagyari, Team Lead, Software
Scott Sperling, CCM, Manager Quality Assurance
Steve Straight, Senior Manager
Apoorv Srivastav, Senior Model QA Analyst
Jeff Strong, Ph.D., Scientist
Ashwin Thillai, Senior Core QA Associate
Srinivas Thoudoju, Senior Software Engineer
Susan Tolwinski-Ward, Ph.D., Principal Scientist and Senior Manager, Research and Modeling
Rafal Woijcik, Ph.D., Director
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Eric Uhlhorn, Ph.D., Principal Scientist
Ramesh Ummati, Senior Principal Engineer
Ivelin Zvezdov, Assistant Vice President, Research and Modeling

Professional Team

Jimmy Booth, Ph.D., Meteorology, virtually

Paul Fishwick, Ph.D., Computer/Information

Mark Johnson, Ph.D., Statistics, Team Leader

Stu Mathewson, FCAS, MAAA, Actuarial

Greg McLellan, P.E., Vulnerability

Blake Tullis, Ph.D., Hydrology and Hydraulics, observer
Donna Sirmons, Staff

The Professional Team began the review with an opening briefing and introductions were
made. Verisk provided a general overview of the model changes and their impact on loss
costs, corrections made for the deficiencies, and other editorial changes made to the
submission.

The audit continued with a review of each standards section.
***Additional Verification Review — November 2 & 3, 2023***

On June 27, 2023, Verisk notified the Commission that discrepancies were found between
the model version reviewed by the Professional Team during the March 20-23, 2023, on-site
review and the current, running version of the model.

On September 6, 2023, Verisk submitted a revised submission. The platform was renamed
Touchstone 2023A, and Forms S-2, S-4, S-5, A-1, A-2, A-3, A-4, A-6, and A-8 all had loss
changes. Forms A-5 and A-7 were reproduced as required using the current acceptable
model as a baseline and using the initial submission as a baseline.

A subset of the Professional Team completed an additional verification review on November
2 & 3, 2023, focusing on the implementation of financial module updates in the software
which led to the discrepancies in the model. The Professional Team reviewed in detail the
nature of the discrepancies, the revisions to the model, when and how the discrepancies
were discovered, why the discrepancies occurred, how the discrepancies were corrected and
tested, future proofing plans to mitigate against a recurrence, revisions to the submission
documentation, and all relevant standards.

The following individuals participated in the additional verification review.

Verisk

Julia Borman, Ph.D., Director, Consulting and Client Services

Nicholas Brewer, Senior Risk Consultant, Consulting and Client Services
Robert Cabeca, External Independent Peer Reviewer

Suryanarayana Datla, Vice President, Research
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Nazanin Firouzbakht, Verisk Regulatory Team, Observer
Srimanta Ghosh, QA Manager

Stacey Gotham, FCAS, MAAA, CEEM, Senior Actuary

[sabelle Grenier, Ph.D., Scientist, Research and Modeling

Rohit Jain, Principal Database Engineer

Aditya Jinna, Senior Manager, Software Development

Emma Kaplan, Manager QA

Connor King, Risk Analyst

Vladimir Kireyev, Director of Software Development

Asha Prabhu, Senior Software Engineer, Software Development
Karthik Ramanathan, Ph.D., Vice President, Principal Engineer
Christopher Reilly, Risk Analyst

Indumathi Sagyari, Team Lead, Software

Scott Sperling, CCM, Manager Quality Assurance

Steve Straight, Senior Manager

Apoorv Srivastav, Senior Model QA Analyst

Jeff Strong, Ph.D., Scientist

Ashwin Thillai, Senior Core QA Associate

Srinivas Thoudoju, Senior Software Engineer

Susan Tolwinski-Ward, Ph.D., Principal Scientist and Senior Manager, Research and Modeling
Rafal Woijcik, Ph.D., Director

Eric Uhlhorn, Ph.D., Principal Scientist

Ramesh Ummati, Senior Principal Engineer

Ivelin Zvezdov, Assistant Vice President, Research and Modeling

Professional Team

Paul Fishwick, Ph.D., Computer/Information
Mark Johnson, Ph.D., Statistics, Team Leader
Stu Mathewson, FCAS, MAAA, Actuarial
Donna Sirmons, Staff

All standards are verified by the Professional Team.

The Professional Team recommends that Verisk present to the Commission during the
trade secret session the redesign of the financial module, the implementation discrepancies
in Touchstone 2022A that led to the revisions in Touchstone 20234, and future-proofing to
catch implementation errors at an earlier stage.

Report on Deficiencies

The Professional Team reviewed the following deficiencies cited by the Commission at the
January 5, 2023 meeting. The deficiencies were eliminated by the established time frame,
and the modifications have been verified.

1. V-1.3, pages 130-131: Incomplete. Table 10 does not give breakdown of data into
number of policies, amount of hurricane loss, and amount of dollar exposure.
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2. A-3.A, page 162: Incomplete. The response does not mention law and ordinance, nor
does the cited disclosure 1.

3. CI-4.H, page 198: Incomplete. Vintage of code and data is not justified.

Professional Team Pre-Visit Letter

The Professional Team’s pre-visit letter questions are provided in the report under the
corresponding standards. Following is the pre-visit letter preamble.

The purpose of this pre-visit letter is to outline specific issues unique to Verisk's model
submission under the 2021 hurricane standards, and to identify lines of inquiry that will be
followed during the on-site review in order to allow time for adequate preparation. Aside
from due diligence with respect to the full submission, various questions that the
Professional Team will ask during the on-site review are provided herein. This letter does
not preclude the Professional Team from asking for additional information during the review
that is not given below or discussed during an upcoming conference call to be held if
requested by Verisk. One goal of the potential conference call is to address your questions
related to this letter or other matters pertaining to the on-site review. The overall intent is
to help expedite the on-site review and to avoid last minute preparations that could have
been undertaken earlier.

The Professional Team will also consider material provided in response to the deficiencies
designated by the Florida Commission on Hurricane Loss Projection Methodology
(Commission) during the January 5, 2023, meeting.

It is important that all material prepared for presentation during the on-site review be
provided to the Professional Team and presented using a medium that is readable by all
members of the Professional Team simultaneously.

The Professional Team will begin the review with an opening briefing. Verisk should then
proceed with a detailed explanation of new or extensively updated material related to the
model followed by a review of each hurricane standard commencing with responses to the
pre-visit letter questions followed by responses to the audit items for each hurricane
standard in the Hurricane Standards Report of Activities as of November 1, 2021.

If changes have been made in any part of the model or the modeling process from the
descriptions provided in the original October 25, 2022, submission, provide the Professional
Team with a complete and detailed description of those changes, the reasons for the changes
(e.g., an error was discovered), and any revised forms. For each revised form, provide an
additional form with cell-by-cell differences between the revised and the original submitted
values.

Refer to the On-Site Review chapter of the Hurricane Standards Report of Activities as of
November 1, 2021, for more details on materials to be presented and provided to the
Professional Team. Particular attention should be paid to the requirements under
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Presentation of Materials. These requirements are reproduced at the conclusion of this
letter.

In addition to the 6 items listed under Presentation of Materials, provide upon arrival of the
Professional Team, and before the review can officially commence, printed copies of:

1. Flowchart standard documents if internally developed, or references to published
standards, and

2. Software engineering practice and coding guidelines if internally developed, or
references to published standards.

While the Report of Activities specifies 6 printed copies, additional Professional Team and
Commission members will be in attendance. Please have available 7 printed copies of all
materials.

The pre-visit questions are grouped by hurricane standards sections.

September 26, 2023: After reviewing the 2023-09-06 revised submission in response to the
reported discrepancies found in the model version presented and reviewed by the
Professional Team during the March 2023 on-site review, the Professional Team has
prepared questions for the additional verification review to be held on November 2 & 3,
2023. The new pre-visit letter questions have been added in blue text at the end of the
previous pre-visit letter questions under the applicable standards group starting with
number 201. The page numbers in the new questions refer to the 2023-09-06 track
changes submission document.

A subset of the Professional Team will be participating in the additional verification review.
Please have available 4 printed copies of all relevant materials upon arrival of the
Professional Team.

Editorial Items

Editorial items in the submission documentation were noted by the Professional Team in the
pre-visit letter for correction prior to the start of the on-site review in order to facilitate
efficiency during the review and to avoid last minute edits. Additional editorial items
identified during the review are also included below.

The Professional Team reviewed the following corrections to be included in the revised
submission to be provided to the Commission no later than 10 days prior to the meeting to
review the model for acceptability. Page numbers below correspond to the initial October
25, 2022 submission document.

1. G-1.6, page 21: Demuth et al. (2006) reference separated from DeMaria reference.
Page 22: Year corrected for Gilbreth and Gilbreth reference. Reference moved under
Computer Information Standards.
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Page 25: Actuarial references updated to remove duplicate ASOP 23 and to add
additional references.

2. G-1.7, page 31: Last bullet under Building Vulnerability Component revised to remove
contradiction with V-1.1.

3. G-1.7, pages 32-36: Figures 4-8 updated.

4. G-2.2B, page 60: S. Srinivasan and I. Zvezdov added as new employees.

5. G-3.1, page 69: ZIP Code database ZipAll2020_Output updated.

6. M-2, page 78: Bosart 1979 reference corrected.

7. M-4.7, page 90: Second paragraph edited for clarity.”

8. M-4.7, pages 96-98: Figures 13-15 captions edited for clarity.

9. S-1.2, page 111: Figure 20 caption edited for clarity.

10.S-1.3, page 106: Disclosure wording updated to the 2021 Hurricane Standards Report of
Activities (ROA).

11.S-6, page 123: Modeled AAL revised to be consistent with the value given in Form S-5
(page 262).

12.V-1.9, page 135: Disclosure reference corrected.

13.V-1.11, page 137: Disclosure reference corrected.

14. CI-3, Figure 43, page 185: Discrepancies spelling corrected.

15. CI-3.B, page 195: Standard wording updated to 2021 ROA.

16. CI-7, Figure 55, page 222: Revised for missing arrowheads.

17.Form A-4, page 292: Table 44 title corrected.

18. Form A-7.D, page 315: Notional input file name corrected.

19. Appendix 6, page 334: Title revised for consistency.

20. Appendix 7, page 381: Reference to FCHLPM flowchart standards corrected to Verisk
flowchart standards.

21. Appendix 10, pages 421-423: Added acronyms omitted from the list.
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GENERAL HURRICANE STANDARDS - Mark Johnson, Leader

G-1 Scope of the Hurricane Model and Its Implementation*
(*Significant Revision)

A. The hurricane model shall project loss costs and probable maximum loss
levels for damage to insured residential property from hurricane events.

B. A documented process shall be maintained to assure continual
agreement and correct correspondence of databases, data files, and
computer source code to presentation materials, scientific and technical
literature, and modeling organization documents.

C. All software, data, and flowcharts (1) located within the hurricane model,
(2) used to validate the hurricane model, (3) used to project modeled
hurricane loss costs and hurricane probable maximum loss levels, and
(4) used to create forms required by the Commission in the Hurricane
Standards Report of Activities shall fall within the scope of the Computer/
Information Hurricane Standards and shall be located in centralized,
model-level file areas.

D. A subset of the forms shall be produced through an automated procedure
or procedures as indicated in the form instructions.

E. Vintage of data, code, and scientific and technical literature used shall be
justifiable.

Audit

1. Automated procedures used to create forms will be reviewed.

2. All primary scientific and technical literature that describes the underlying hurricane model theory
and implementation (where applicable) should be available for review in hard copy or electronic form.
Modeling-organization-specific publications cited must be available for review in hard copy or

electronic form.

3. Compliance with the process prescribed in Hurricane Standard G-1.B in all stages of the modeling
process will be reviewed.

4. Items specified in Hurricane Standard G-1.C will be reviewed as part of the Computer/ Information
Hurricane Standards.

5. Maps, databases, and data files relevant to the submission will be reviewed.

6. Justification for the vintage of data, code, and scientific and technical literature used will be reviewed.
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7. The following information related to changes in the hurricane model, since the initial submission for
each subsequent revision of the submission, will be reviewed.

A. Hurricane model changes:

1. A summary description of changes that affect, or are believed to affect, the personal or
commercial residential hurricane loss costs or hurricane probable maximum loss levels,

2. Alist of all other changes, and

3. The rationale for each change.

B. Percentage difference in average annual zero deductible statewide hurricane loss costs based on
the 2017 Florida Hurricane Catastrophe Fund personal and commercial residential zero deductible
exposure data found in the file named “hlpm2017c.zip” for:

1. All changes combined, and
2. Eachindividual hurricane model component and subcomponent change.

C. Forany modifications to Form A-4, Hurricane Output Ranges, since the initial submission, a newly
completed Form A-5, Percentage Change in Hurricane Output Ranges, with:

1. The initial submission as the baseline for computing the percentage changes, and
2. Any intermediate revisions as the baseline for computing the percentage changes.

D. Color-coded maps by county reflecting the percentage difference in average annual zero
deductible statewide hurricane loss costs based on the 2017 Florida Hurricane Catastrophe Fund
personal and commercial residential zero deductible exposure data found in the file named
“hlpom2017c.zip” for each hurricane model component change, between:

1. The currently accepted hurricane model and the revised hurricane model,
2. The initial submission and the revised submission, and
3. Any intermediate revisions and the revised submission.

Pre-Visit Letter

1. G-1.B, page 14: Explain the coordination across personnel.

2. G-1.3, Figure 2, page 20: Describe how by-passing hurricanes fit into the flowchart. Describe how
hurricane tracks from genesis fit into the flowchart.

3. G-1.7, pages 30-37: Explain how interim software updates, if performed, over the past two years
mesh with Standard G-1.7.

4. G-1.7, Financial Module Updates, page 31: Provide details on how the research of Woijcik et al. has
been implemented in the Financial Module updates.

5. G-1.7, Figure 5, page 33: Explain the high percentage change in Nassau County versus Duval County.

6. G-1.7, Figure 6, page 34: Explain the negative percent changes in Monroe, Collier, Lee, Highlands,
and Hardee Counties contrasted with the positive increase in Charlotte County.

7. G-1.7, pages 34-35: Explain the high percentage change in Sumter County in Figures 6 and 7.

8. G-1.7, Figure 8, page 36: Explain the difference in loss costs changes between Palm Beach and
Broward Counties.
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Verified: YES

Professional Team Comments:

Reviewed the coordination across personnel working in different standards sections.

Discussed where by-passing hurricanes and hurricane tracks fit are considered in the Figure 2 flowchart.
Reviewed the extent of the Financial Module updates.

Reviewed the model changes from the current accepted model as outlined in G-1.7.

Discussed the error which incorrectly stated percentage differences in loss costs depicted in Figures 5 -8.
Discussed the reasons for the change in loss costs in Sumter County as shown in revised Figures 6 and 7.

Reviewed an example of the process to assure continual agreement among databases, data files, and
code.

*** Additional Verification Review Comments***

Additional Verification Review Pre-Visit Letter Questions Related to the Reported Discrepancies

201. Explainin detail the reported discrepancies. Provide the dates that each of the discrepancies were
discovered, how the discrepancies were discovered, where the discrepancies were discovered, the
underlying cause of the problems, the adjustments to the model to correct the discrepancies, and
the process going forward to eliminate the problems in the future.

202. Identify and explain the track changes of the 2023-09-06 version that relate to correcting the
discrepancies.

203. Unpack the explanation in the cover letter starting with the sentence: “The nature of the
difference is based on the implementation of financial module updates in the software which
included necessary changes for performance and for consistency with the research as presented to
the professional team during our on-site review in March, 2023.” Explain the explicit nature and
implementation of financial module updates in the software. Explain the specific research
previously presented and how the model was inconsistent with this research. Identify the location
of changes in the 2023-09-06 submission document relating to this sentence.

204. Elaborate on the cover letter sentence: “These were found during regular testing procedures for
release of Verisk models and platforms.” Describe the regular tests/procedures that led to the
discovery of errors. Explain why these “regular” testing procedures did not reveal the
discrepancies prior to the October 25, 2022, submission.

205. Describe the extent that these discoveries of discrepancies impact the current accepted model.
Explain how the release process itself resolves these discrepancies.

206. Describe the extent to which the discrepancies are related to the implementation of the research
in each of the four Wojcik et al. papers listed in the Actuarial References.
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207. Forms G-1 through G-7 require updated reviews of Touchstone 2023A by the signatories.

Additional Verification Review Pre-Visit Letter Questions

208. G-1.7.A, page 3: Explain why there are no changes in the paragraph on Financial Module Updates.

209. G-1.7.A, page 31: Explain the removal of the roof age assignment change in the revised
submission.

210. G-1.7.B-D, pages 32-44: Explain the changes under B. and in the maps under C. and D. Explain the
differences in the maximum values given in the maps. Explain why the overall percentage change
value remained the same.

Verified: YES

Professional Team Comments:

Reviewed the timeline for identification of the discrepancies in Touchstone 2022A and the revisions in
Touchstone 2023A.

Reviewed the changes in loss costs after revised implementation of the financial module in Touchstone
2023A.

Discussed the drivers for the loss cost differences between Touchstone 2022A and Touchstone 2023A.
Discussed other software changes that also led to differences in loss costs.

Reviewed comparisons of the financial component and the total model changes maps of loss cost
changes from the current accepted model for Touchstone 2022A and the revised Touchstone 2023A.

Discussed the code review that led to the discovery of errors and the weak points in the process as well
as Verisk’s ongoing efforts to resolve those weak points.

Confirmed that there are no impacts to the current accepted model.

Confirmed that all Touchstone platforms currently released to model users with the updated financial
components under review do not contain the U.S. Hurricane Model V2.0 and cannot be used for a
Florida rate filing.

Discussed that the revisions implemented in Touchstone 2023A resolved the differences in the research
of the four Wojcik et al. papers and implementation in the software platform.

Discussed that the updates to the Financial Module stated in the original October 25, 2022, submission
document are correct and did not require revision. It was implementation of the stated updates that led
to the discrepancies being reviewed.

Discussed that the statewide percentage changes in G-1.7.B were made prior to the initial March 2023
on-site review and did not change after revisions were made in Touchstone 2023A. G-1.7.C and G-1.7.D
were updated in the September 6, 2023, submission using the revised Touchstone 2023A.
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G-2 Qualifications of Modeling Organization Personnel and

Consultants Engaged in Development of the Hurricane Model*
(*Significant Revision)

A. Hurricane model construction, testing, and evaluation shall be performed
by modeling organization personnel or consultants who possess the
necessary skills, formal education, and experience to develop the
relevant components for hurricane loss projection methodologies.

B. The hurricane model and hurricane model submission documentation
shall be reviewed by modeling organization personnel or consultants in
the following professional disciplines with requisite experience:
structural/wind engineering (currently licensed Professional Engineer),
statistics (advanced degree or equivalent experience), actuarial science
(Associate or Fellow of Casualty Actuarial Society or Society of
Actuaries), meteorology (advanced degree), and computer/information
science (advanced degree or equivalent experience and certifications).
These individuals shall certify Expert Certification Forms G-1 through G-6
as applicable.

Audit

1. The professional vitae of personnel and consultants engaged in the development of the hurricane
model and responsible for the current hurricane model and the submission will be reviewed.
Background information on the professional credentials and the requisite experience of individuals
providing testimonial letters in the submission will be reviewed.

2. Forms G-1, General Hurricane Standards Expert Certification; G-2, Meteorological Hurricane
Standards Expert Certification; G-3, Statistical Hurricane Standards Expert Certification; G-4,
Vulnerability Hurricane Standards Expert Certification; G-5, Actuarial Hurricane Standards Expert
Certification; G-6, Computer/Information Hurricane Standards Expert Certification, and all
independent peer reviews of the hurricane model under consideration will be reviewed. Signatories
on the individual forms will be required to provide a description of their review process.

3. Incidents where modeling organization personnel or consultants have been found to have failed to
abide by the standards of professional conduct adopted by their profession will be discussed.

4. For each individual listed under Disclosure 2.A, specific information as to any consulting activities and

any relationship with an insurer, reinsurer, trade association, governmental entity, consumer group,
or other advocacy group within the previous four years will be reviewed.

Pre-Visit Letter

9. G-2.2B, Table 2, pages 41-64: Provide resumes of the new personnel.

10. G-2.2C, page 65: Provide complete documentation of the process in Figure 10.
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Verified: YES

Professional Team Comments:

Reviewed resumes of new personnel and consultants:

C Arunkumar, MBA in Finance and Marketing, Gitam Institute of Management, Visakhapatnam,
India; B.E. in Computer Science and Engineering, Sri Venkateshwara College of Engineering,
Bengaluru, India

Julia Borman, Ph.D. in Economics, North Carolina State University, Raleigh, NC; M.Economics,
North Carolina State University, Raleigh, NC; B.A. in Mathematics and Economics, St. Mary’s
College of Maryland, St. Mary’s City, MD

Robert Cabeca, Information Technology Management, University of Phoenix, Phoenix, AZ
Muralidhar Chittapragada, B.C. in Communications, Osmania University, Hyderabad, India
Angshuman Deb, Ph.D. in Structural Engineering, University of California, San Diego, CA; M.S. in
Structural Engineering, University of California, Sand Diego, CA; B.Tech. in Civil Engineering,

National Institute of Technology, Silchar, India

Ambika Devi, M.S. in Business Economics, Guru Nanak Dev University, Amritsar, India; B.A. in
Geography, Delhi University, New Delhi, India

Anamitra Dhar, B.E. in Electrical Engineering, Calcutta Institute of Engineering and Management,
Kolkata, India

Thomas Diamond, B.A. in lllustration & Design, Massachusetts College of Art, Boston, MA

Lynn Duffy, M.B.A. in Computer & Information Systems, University of Rochester, Rochester, NY;
B.A. in History and English, University of Rochester, Rochester, NY

Andreea Gavrilescu, B.M. in Statistics, University of Waterloo, Ontario, Canada

Isabelle Grenier, Ph.D. in Statistical Science, University of California, Santa Cruz, CA; M.S. in
Mathematics and Statistics, McGill University, Montreal, Quebec, Canada; B.M. in Statistics,
University of Waterloo, Ontario, Canada; B. of Business Administration in Finance, Wilfrid
Laurier University, Waterloo, Ontario, Canada

Tyler Harrington, Ph.D. candidate in Earth System Science, University of Massachusetts, Lowell,
MA; M.S. in Environmental Studies, Atmospheric Science, University of Massachusetts, Lowell,
MA; M.S. in Finance, University of Texas, Odessa, TX; B.S. in Atmospheric Science and B.A. in
Mathematics, University of Kansas, Lawrence, KS

Utpal Jhurmarwala, M.S. in Information Systems, Northeastern University, Boston, MA; B.S. in
Business, Gujarat University, Ahmedabad, India
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e Inna Kalita, B.S. in Computer Science, Johnson & Wales University, Providence, RI; B.S. in
Education Administration, State Pedagogical Institute, Kiev, Ukraine

e Emma Kaplan, M.S. in Statistics, University of Massachusetts, Amherst, MA; B.A. in Mathematics
and Environmental Studies, St. Lawrence University, Canton, NY

e Mohammad Muzzaffar Khan, Ph.D. in Civil Engineering, National Institute of Technology,
Warangal, Hanamkonda, India; M.E. in Civil Engineering, University College of Engineering,
Osmania University, Hyderabad, India; B.Tech. in Civil Engineering, Jawaharlal Nehru Technology
University Hyderabad College of Engineering, Hyderabad, India

e Vladimir Kireyev, M.S. in Mechanical Engineering, Bauman Moscow State Technical University,
Moscow, Russia; Information Technology Management, Harvard University, Boston, MA

e Anand Kota, B.S. in Computer Science and Engineering, Gokula Krishna College of Engineering,
Krishnareddi Thagelu, India

e Jianjun Luo, Ph.D. in Wind Science and Engineering, Texas Tech University, Lubbock, TX; M.S. in
Electronic and Information Engineering, Xi’an Jiaotong University, Xi’an, China; B.S. in Applied
Physics, Northwestern Polytechnical University, Xi’an, China

e Eva Marchion, M.A. candidate in User-Centered Design, Brandeis University, Waltham, MA; B.S.
in Graphic Design, Northeastern University, Boston, MA

e Andrew O’Donnell, Ph.D. in Civil Engineering, University of Notre Dame, South Bend, IN; M.S. in
Civil Engineer, University of Notre Dame, South Bend, IN; B.S. in Civil Engineering, University of
Notre Dame, South Bend, IN

e Nithya Palaniappan, M.S. in Computer Applications, Bharathidasan University, India; B.S. in
Computer Science, Bharathiar University, Coimbatore, India

e Thomas Renault, M.S. in Mathematics, University of Rouen, Mont-Saint-Aignan, France; B.S. in
Mathematics, University of Rouen, Mont-Saint-Aignan, France

e Peter Sousounis, Ph.D. in Meteorology, Pennsylvania State University, College Park, PA; M.S. in
Meteorology, Massachusetts Institute of Technology, Cambridge, MA; B.S. in Physics, Drexel
University, Philadelphia, PA

e Steve Straight, M.A. in Technical and Professional Writing, Northeastern University, Boston, MA;
B.S. in Communications/Media, Fitchburg State University, Fitchburg, MA

e Jennifer Thibeau, M.S. in Geology, University of South Carolina, Columbia, SC; B.A. in Geology,
Colgate University, Hamilton, NY

e Niranjan Thirukkovalur, M.S. in Chemical Engineering, Indian Institute of Technology, Kanpur,
India; B.S. in Chemical Engineering, Osmania University, Hyderabad, India
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e Rafal Wojcik, Ph.D. in Environmental Science, Warsaw Agricultural University, Warsaw, Poland;
M.S. in Environmental Engineering, Warsaw Agricultural University, Warsaw University of
Technology, Warsaw, Poland

e Pengcheng Wu, M.S. in Data Analytics Engineering, Northeastern University, Boston, MA; B.S. in
Energy and Power Engineering, Beijing Institute of Technology, Beijing, China

e Yili Yao, M.S. in Computer Science, Stony Brook University, Stony Brook, NY; B.A. in Computer
Science, Clark University, Worcester, MA

e lvelin Zvezdov, M.S. in Applied Mathematics, University of Houston, Houston, TX; M.Phil. in
European Studies, University of Oxford, Oxford, UK; B.A. and M.A. in Economics and
International Relations, University of St. Andrews, St. Andrews, Scotland

Reviewed the process for training new employees.
Reviewed the documentation of Verisk workflow as given in Figure 10.

***Additional Verification Review Comments***

Additional Verification Review Pre-Visit Letter Question

211. G-2-2.B, Table 2, page 56: Provide resumes of new personnel.

Verified: YES
Professional Team Comments:

Reviewed the changes in personnel and the corrections to reported tenures, individual roles, and bios as
given in revised Table 2.

Reviewed the resumes of new personnel:
e Connor King, M.S. in Information Systems, University of Maine, Orono, ME; MBA in Analytics
and Finance, University of Maine, Orono, ME; B.S. in Wildlife Ecology, University of Maine,

Orono, ME

e Christopher Reilly, B.S. in Biostatistics, Emmanuel College, Boston, MA
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G-3 Insured Exposure Location

A. ZIP Codes used in the hurricane model shall not differ from the United
States Postal Service publication date by more than 24 months at the date
of submission of the hurricane model. ZIP Code information shall
originate from the United States Postal Service.

B. ZIP Code centroids, when used in the hurricane model, shall be based on
population data.

C. ZIP Code information purchased by the modeling organization shall be
verified by the modeling organization for accuracy and appropriateness.

D. If any hurricane model components are dependent on ZIP Code
databases, a logical process shall be maintained for ensuring these
components are consistent with the recent ZIP Code database updates.

E. Geocoding methodology shall be justified.

Audit
1. Geographic displays for all ZIP Codes will be reviewed.
2. Geographic comparisons of previous to current locations of ZIP Code centroids will be reviewed.

3. Third party vendor information, if applicable, and a complete description of the process used to
validate ZIP Code information will be reviewed.

4. The treatment of ZIP Code centroids over water or other uninhabitable terrain will be reviewed.
5. Examples of geocoding for complete and incomplete street addresses will be reviewed.

6. Examples of latitude-longitude to ZIP Code conversions will be reviewed.

7. Hurricane model ZIP Code-based databases will be reviewed.

Verified: YES

Professional Team Comments:

Reviewed geographic comparisons of the largest 10 ZIP Code centroid movements.

Reviewed geographic displays of ZIP Code boundaries and centroids throughout the state.
Discussed the process for updating ZIP Codes and verification of centroids.

Discussed the treatment of ZIP Code centroids in uninhabitable terrain and over water.
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Discussed the geocoding process. Reviewed examples of geocoding incomplete or incorrect street
addresses.

Discussed the process for assigning a latitude-longitude to a ZIP Code. Reviewed examples of latitude-
longitude ZIP Code conversion.

Discussed that there was no change in methodology for updating ZIP Code-based databases.
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G-4 Independence of Hurricane Model Components

The meteorology, vulnerability, and actuarial components of the hurricane
model shall each be theoretically sound without compensation for potential
bias from other components.

Audit

1. The hurricane model components will be reviewed for adequately portraying hurricane phenomena
and effects (damage, hurricane loss costs, and hurricane probable maximum loss levels). Attention
will be paid to an assessment of (1) the theoretical soundness of each component, (2) the basis of the

integration of each component into the hurricane model, and (3) consistency between the results of
one component and another.

2. Allchanges in the hurricane model since the previous submission that might impact the independence
of the hurricane model components will be reviewed.

Verified: YES
Professional Team Comments:

Reviewed the theoretical soundness of the model components and detected no compensation for
potential bias.

*** Additional Verification Review Comments***

After review of the revisions in Touchstone 2023A, no compensation for potential bias was detected.
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G-5 Editorial Compliance

The submission and any revisions provided to the Commission throughout
the review process shall be reviewed and edited by a person or persons with
experience in reviewing technical documents who shall certify on Form G-7,
Editorial Review Expert Certification, that the submission has been
personally reviewed and is editorially correct.

Audit
1. An assessment that the person who has reviewed the submission has experience in reviewing
technical documentation and that such person is familiar with the submission requirements as set

forth in the Hurricane Standards Report of Activities as of November 1, 2021 will be made.

2. Attestation that the submission has been reviewed for grammatical correctness, typographical
accuracy, completeness, and no inclusion of extraneous data or materials will be assessed.

3. Confirmation that the submission has been reviewed by the signatories on the Expert Certification
Forms G-1 through G-6 for accuracy and completeness will be assessed.

4. The modification history for submission documentation will be reviewed.

5. A flowchart defining the process for form creation will be reviewed.

6. Form G-7, Editorial Review Expert Certification, will be reviewed.

Verified: YES

Professional Team Comments:

Reviewed the process for achieving editorial compliance.

Discussed the modification history to the initial submission document on October 25, 2022.

Interviewed the new technical editor Steve Straight.

Editorial items noted in the pre-visit letter and during the review by the Professional Team were

satisfactorily addressed. The Professional Team has reviewed the submission per Audit item 3, but cannot

guarantee that there are no remaining editorial issues. The modeler is responsible for eliminating editorial

errors.

*** Additional Verification Review Comments***

Reviewed the editorial revisions to the submission document included in the editorial changes list
document.
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METEOROLOGICAL HURRICANE STANDARDS - Jimmy Booth, Leader

M-1 Base Hurricane Storm Set*
(*Significant Revision)

The Base Hurricane Storm Set is the National Hurricane Center HURDAT2 as
of June 10, 2021 (or later), incorporating the period 1900-2020. A model may
be constructed in any scientifically sound and defensible fashion. However,
annual frequencies used in hurricane model validation shall be based upon
the Base Hurricane Storm Set, allowing for modifications if justified.
Complete additional season increments and updates to individual historical
storms that are approved by the National Hurricane Center are acceptable
modifications, as are weighting and partitioning of the Base Hurricane Storm
Set, if it is justified in current scientific and technical literature.

Audit
1. The modeling organization Base Hurricane Storm Set will be reviewed.

2. Aflowchartillustrating how changes in the HURDAT2 database are used in the calculation of hurricane
landfall distribution will be reviewed.

3. Changes to the modeling organization Base Hurricane Storm Set from the currently accepted
hurricane model will be reviewed. Any modification by the modeling organization to the information
contained in HURDAT2 will be reviewed.

4. Reasoning and justification underlying any short-term, long-term, or other systematic variations in
annual hurricane frequencies incorporated in the hurricane model will be reviewed.

5. Modeled probabilities will be compared with observed hurricane frequency using methods
documented in current scientific and technical literature. The goodness-of-fit of modeled to historical
statewide and regional hurricane frequencies as provided in Form M-1, Annual Occurrence Rates, will
be reviewed.

6. Form M-1, Annual Occurrence Rates, will be reviewed for consistency with Form S-1, Probability and
Frequency of Florida Landfalling Hurricanes per Year, and Form A-2, Base Hurricane Storm Set
Statewide Hurricane Losses.

7. Comparisons of modeled probabilities and characteristics from the complete historical record will be
reviewed. Modeled probabilities from any subset, trend, or fitted function will be reviewed,
compared, and justified against the complete HURDAT2 database. In the case of partitioning, modeled
probabilities from the partition and its complement will be reviewed and compared with the complete
HURDAT2 database.
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Verified: YES

Professional Team Comments:

Discussed that the Base Hurricane Storm Set is based on HURDAT?2 as of June 10, 2021.
Discussed that the model does not incorporate any modifications to the historical data.

Discussed that the stochastic catalog and windfield model are not partitioned or weighted with respect
to time, i.e., no explicit accounting for climate change.

Discussed the rationale for not accounting for climate change.

Reviewed the annual occurrence rates of Florida landfalling hurricanes in Form M-1 compared to Form
S-1 and Form A-2. Reviewed the code used for consistency checks among the forms.

Discussed the process for incorporating changes in HURDAT2 for the sake of updating the historical
landfall frequency.

Reviewed the storms that were modified and added to the dataset.

Reviewed landfall frequency goodness-of-fit Chi-squared tests by region for Florida and for neighboring
states.

Discussed model elements that led to the changes in statewide loss costs due to HURDAT2 updates.
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M-2

Audit

Hurricane Parameters and Characteristics*
(*Significant Revision)

Methods for depicting all modeled hurricane parameters and characteristics,
including but not limited to windspeed, radial distributions of wind and
pressure, minimum central pressure, radius of maximum winds, landfall
frequency, tracks, spatial and time variant windfields, and conversion
factors, shall be based on information documented in current scientific and
technical literature.

1. All hurricane parameters used in the hurricane model will be reviewed.

2. Graphical depictions of hurricane parameters as used in the hurricane model will be reviewed.
Descriptions and justification of the following will be reviewed:

a.

The dataset basis for the fitted distributions, the methods used, and any smoothing techniques
employed,

The modeled dependencies among correlated parameters in the windfield component and how
they are represented, and

The asymmetric structure of hurricanes.

3. The treatment of the inherent uncertainty in the conversion factor used to convert the modeled
vortex winds to surface winds will be reviewed and compared with current scientific and technical
literature. Treatment of conversion factor uncertainty at a fixed time and location within the windfield
for a given hurricane intensity will be reviewed.

4. Scientific literature cited in Hurricane Standard G-1, Scope of the Hurricane Model and Its
Implementation, may be reviewed to determine applicability.

5. All external data sources that affect model-generated windfields will be identified, and their
appropriateness will be reviewed.

6. Description of and justification for the value(s) of the far-field pressure used in the hurricane model
will be reviewed.

Verified: YES

Professional Team Comments:

Discussed smoothing of landfall rates by coastal segments.

Reviewed comparisons of historical to modeled annual landfall occurrence rates by category and coastal
segments.

Discussed the change in fits for central pressure.
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Reviewed comparison of modeled and historical Peak Weighting Factor.
Reviewed how uncertainty in the Gradient Wind Reduction Factor is modeled.

Discussed the far-field pressure values and historical data used to model them.
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M-3 Hurricane Probability Distributions*®
(*Significant Revision)

A. Modeled probability distributions of hurricane parameters and
characteristics shall be consistent with historical hurricanes in the
Atlantic basin.

B. Modeled hurricane landfall frequency distributions shall reflect the Base
Hurricane Storm Set used for category 1 to 5 hurricanes and shall be
consistent with those observed for each coastal segment of Florida and
neighboring states (Alabama, Georgia, and Mississippi).

C. Hurricane models shall use maximum one-minute sustained 10-meter
windspeed when defining hurricane landfall intensity. This applies both
to the Base Hurricane Storm Set used to develop landfall frequency
distributions as a function of coastal location and to the modeled winds
in each hurricane which causes damage. The associated maximum one-
minute sustained 10-meter windspeed shall be within the range of
windspeeds (in statute miles per hour) categorized by the Saffir-Simpson
Hurricane Wind Scale.

Saffir-Simpson Hurricane Wind Scale

Category Winds (mph) Damage
1 74 — 95 Minimal

2 96 - 110 Moderate
3 111 -129 Extensive
4 130 — 156 Extreme
5 157 or higher Catastrophic

Audit

1. Demonstration of the quality of fit extending beyond the Florida border will be reviewed by evaluating
results for appropriate coastal segments in Alabama, Georgia, and Mississippi.

2. The method and supporting material for selecting stochastic storm tracks will be reviewed.

3. The method and supporting material for selecting storm track strike intervals will be reviewed. If strike
locations are on a discrete set, the hurricane landfall points for major metropolitan areas in Florida
will be reviewed.

4. Any modeling-organization-specific research performed to develop the functions used for simulating
hurricane model variables or to develop databases will be reviewed.
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5. Form S-3, Distributions of Stochastic Hurricane Parameters, will be reviewed.

Pre-Visit Letter

11. M-3.A, page 85: Provide the forward speeds of landfalling hurricanes for 2019 and 2020 to assess
the change in averages from the current accepted model.

Verified: YES
Professional Team Comments:

Discussed that no changes have been made to the modeled distributions of parameters in the Base
Hurricane Storm Set.

Discussed their definition of “partial landfalling track.”

Reviewed comparison of Hurricane Sally (2020) forward speed to the stochastic catalog average forward
speed.

Reviewed the methodology for creating stochastic storm tracks. Discussed the dependency on the time
of year and modeling of the landfalling calendar date.

Discussed modeling of storms that make multiple landfalls.
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M-4 Hurricane Windfield Structure*
(*Significant Revision)

A. Windfields generated by the hurricane model shall be consistent with
observed historical storms affecting Florida.

B. The land use and land cover (LULC) database shall be consistent with
National Land Cover Database (NLCD) 2016 or later. Use of alternate
datasets shall be justified.

C. The translation of land use and land cover or other source information
into a surface roughness distribution shall be consistent with current
state-of-the-science and shall be implemented with appropriate
geographic-information-system data.

D. With respect to multi-story buildings, the hurricane model shall account
for the effects of the vertical variation of winds.

Audit

1. Any modeling-organization-specific research performed to develop the windfield functions used in
the hurricane model will be reviewed. The databases used will be reviewed.

2. Any modeling-organization-specific research performed to derive the roughness distributions for
Florida and neighboring states will be reviewed.

3. The spatial distribution of surface roughness used in the hurricane model will be reviewed.

4. The previous and current hurricane parameters used in calculating the hurricane loss costs for the
LaborDay03 (1935) and NoName09 (1945) hurricane landfalls will be reviewed. Justification for the
choices used will be reviewed. The resulting spatial distribution of winds will be reviewed with Form
A-2, Base Hurricane Storm Set Statewide Hurricane Losses.

5. For windfields not previously reviewed, detailed comparisons of the hurricane model windfield with
Hurricane Charley (2004), Hurricane Wilma (2005), Hurricane Irma (2017), and Hurricane Michael
(2018) will be reviewed.

6. Representation of vertical variation of winds in the hurricane model, where applicable, will be
reviewed.

7. Form M-2, Maps of Maximum Winds, will be reviewed.
Verified: YES
Professional Team Comments:

Discussed that the model uses the 2016 National Land Cover Database. Reviewed surface roughness map.
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Discussed the year range of storms used for validation of the windfield.

Reviewed maps of the spatial distribution of winds for the LaborDay03 (1935) and NoName09 (1945)
storms.

Reviewed comparisons of modeled windfields among Hurricane Charley (2004), Hurricane Wilma (2005),
Hurricane Irma (2017), and Hurricane Michael (2018).

Discussed the process for converting central pressure deficit to surface winds.

Discussed that treatment of tangential winds and rotational winds are the same, and that these winds
are modeled as being above the boundary layer.

Discussed the timing in the model workflow for the application of the asymmetry associated with
forward speed.

Discussed the model wind dependence on wind at prior model timestep (one hour).
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M-5 Hurricane Landfall and Over-Land Weakening Methodologies*
(*Significant Revision)

A. The hurricane over-land weakening rate methodology used by the
hurricane model shall be consistent with historical records and with
current state-of-the-science.

B. The transition of winds from over-water to over-land within the hurricane
model shall be consistent with current state-of-the-science.

Audit
1. The variation in over-land decay rates used in the hurricane model will be reviewed.

2. Comparisons of the hurricane model weakening rates to weakening rates for historical Florida
hurricanes will be reviewed.

3. The detailed transition of winds from over-water to over-land (i.e., hurricane landfall, boundary layer)
will be reviewed. The region within 5 miles of the coast will be emphasized. Color-coded snapshot
maps of roughness length and spatial distribution of over-land and over-water windspeeds for
Hurricane Andrew (1992), Hurricane Jeanne (2004), and Hurricane Irma (2017) at the closest time
after landfall will be reviewed.

Verified: YES

Professional Team Comments:

Reviewed graphical representation of the modeled decay rates for Florida hurricanes compared to
central pressure observations.

Discussed that central pressure is the model intensity input.
Discussed the parameters used in the pressure deficit decay function.

Reviewed landfall windfield maps and roughness length maps for Hurricane Andrew (1992), Hurricane
Jeanne (2004), and Hurricane Irma (2017).

Discussed how the model handles re-intensification over water and pressure filling for multiple landfall
storm events.
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M-6 Logical Relationships of Hurricane Characteristics*
(*Significant Revision)

A. The magnitude of asymmetry shall increase as the translation speed
increases, all other factors held constant.

B. The mean windspeed shall decrease with increasing surface roughness
(friction), all other factors held constant.

Audit
1. The logical relationship between windspeed and surface roughness will be reviewed.
2. Form M-2, Maps of Maximum Winds, will be reviewed.

3. Form M-3, Radius of Maximum Winds and Radii of Standard Wind Thresholds, and the modeling
organization sensitivity analyses will be reviewed.

4. Justification for the relationship between central pressure and radius of maximum winds will be
reviewed. The relationships among intensity, Rmax, and their changes will be reviewed.

5. Justification for the variation of the asymmetry with the translation speed will be reviewed.
6. Methods (including any software) used in verifying these logical relationships will be reviewed.

7. Time-based contour animations (capable of being paused) of windfield distributions demonstrating
scientifically-reasonable windfield characteristics and logical relationships will be reviewed.

Pre-Visit Letter

12. M-6.4, page 99: Explain the changes in Table 3 from the same table as given in the current accepted
model. Explain why some of the Min (11.51, 21.58), Max (247.42, 94.94), and Median (51.79) values
are the same across different Cp values.

13. Form M-3, page 247: Explain the change in outer radii >40mph values from the current accepted
model.

Verified: YES
Professional Team Comments:

Discussed the process for modeling surface roughness length and the effect of surface roughness on
windspeed.

Discussed the changes in Table 3 compared to the current accepted model.

Reviewed 100-year and 250-year return period windspeed maps.
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Reviewed the relationship between landfalling Rmax and central pressure.

Reviewed the windfield asymmetry calculation. Discussed that there was no change in the methodology
from the current accepted model.

Reviewed a correlation matrix used as verification for the logical relationship among stochastic
parameters.

Reviewed contour animation of a historical windfield.

Discussed the issue of possible non-stationarity in forward speed in the historical record.
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STATISTICAL HURRICANE STANDARDS - Mark Johnson, Leader

S-1 Modeled Results and Goodness-of-Fit*

(*Significant Revision)

A. The use of historical data in developing the hurricane model shall be
supported by rigorous methods published in current scientific and
technical literature.

B. Modeled and historical results shall reflect statistical agreement using
current scientific and statistical methods for the academic disciplines
appropriate for the various hurricane model components or
characteristics.

Audit

1. Forms S-1, Probability and Frequency of Florida Landfalling Hurricanes per Year; S-2, Examples of
Hurricane Loss Exceedance Estimates; and S-3, Distributions of Stochastic Hurricane Parameters, will
be reviewed. Justification for the distributions selected, including for example, citations to published
literature or analyses of specific historical data, will be reviewed. Justification for the goodness-of-fit
tests used will also be reviewed.

2. The modeling organization characterization of uncertainty for windspeed, damage estimates, annual
hurricane loss, hurricane probable maximum loss levels, and hurricane loss costs will be reviewed.

3. Regression analyses performed will be reviewed, including for example parameter estimation,

graphical summaries and numerical measures of the quality of fit, residual analysis and verification of
regression assumptions, outlier treatment, and associated uncertainty assessment.

Verified: YES

Professional Team Comments:

Reviewed enhanced fitting and goodness of fit procedures for annual occurrence frequency, landfall
location, central pressure, radius of maximum winds, forward speed, gradient wind reduction factor,
heading, landfalling calendar date, and peak weighting factor. Reviewed corresponding goodness-of-fit
tests results for each.

Reviewed revised parameter fits for central pres