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Nov. 24 — Nov. 30, 1950

)\Aln

The Great Appalachian Storm of November 1950
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Maximum Snowfall: 57 inches
(Drifting up to 25 feet)

Lowest Pressure: 978 Mb
Eatalities: 353

Recorded Wind Gusts:

Concord, NH 110 MPH
Mt. Washington, NH 160 MPH
Newark, NJ 108 MPH
New York, NY 83 MPH

Record Low Temperatures Set:

Alabama, Florida, Georgia , Kentucky,

North Carolina, South Carolina, Tennessee

Winter Storm Definition
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AIR event definition
Location: Within the contiguous US
and/or Canada
Time: Occurring during the
timeframe of October 1st to April 1st
Type: Region of low pressure and
cyclonic rotation
Intensity: Winds or snow somewhere
within the system in excess of 50
mph and 1 inch, respectively
Captures severe thunderstorm
activity that occurs in conjunction
with the winter storm — usually
initiated by a trailing front




US Winter Storm Model

* Models the important “sub-perils” of
wind, precipitation, and temperature

« NWP model used to simulate events

» Stochastic catalog contains over
60,000 winter storms

» Specific damage functions for winter
storm winds, freezing, drifts, ice
dams and other winter storm causes

— Snow load module takes into account

the elapsed time between successive
storms

— Snow drift module uses water content,
depth of snow and wind speed to
compute a snow load surcharge
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AIR’s Definition of a Severe Thunderstorm Event
Follows the National Weather Service Standard
A

» A severe thunderstorm produces at least one of the
following
— Atornado or funnel cloud
— Hail at least 0.75 inch in diameter
— Straight-line winds of at least 50 knots (58mph)

» Asingle occurrence of tornado, hail or straight-line winds is
defined as a micro event

* A macro event is a collection of physically consistent micro
events
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Thunderstorms Form in Unstable Atmospheric
Conditions

‘ %-;1 Instability:
Liftina Mechani ;r Cold, dry above
Iring viechanism 3 warm humid air
« Fronts Fad %_Updraft

 Topography
» Convection
.. Downdraft

Heat and Humidi J Heat and Humidity
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Severe Thunderstorms Can Generate Hail, Tornadoes,
and Extreme Straight-line Winds




An Observational Bias Exists in the Reporting of
Severe Thunderstorms

In the U.S. each year there are an average of
1,200-1,500 tornado reports
8,000-12,000 severe straight-line wind reports
7,000-10,000 hail reports

Oklahoma City

Denver Wichita
Falls Dallas

Miami
Tampa

Data Augmentation and Smoothing is Used to Correct
Observational Bias For Each Peril
‘

Adjusted Tornado Adjusted Wind
Frequency 3 T __Frequency
L T "
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The Fujita Scale Was Created to Rate Tornado Intens ity
Based on Observed Damage
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« Damage depends on path length, width and wind speed of the tornado
» Intensity varies along the tornado path
» Wind-borne debris and torsion stress act as additional damaging

factors
* Wind speeds are derived from F-Scale, not the other way around
FO-F1 F2 -F3 F4 - F5
Minimal to Moderate Damage  Considerable to Severe Damage Catastrophic Damage
(Roofs peeled off) (Roofs and some walls torn off) (Well-constructed

structures leveled)

The Fujita Scale Has Been Enhanced
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Shortcomings of the traditional Fujita scale

— Scale is subjective based solely on the damage to residential
structures

— No recognition of differences in construction
— Unspecified F-scale assignment for tornadoes that don't hit anything
— Based on the worst damage (even if it is one building or house)
— Prone to misuse over the years
Characteristics of the Enhanced Fujita scale
Wind speed estimates revised to better reproduce observed damage

New damage indicators facilitate ranking tornadoes that do not damage
residential structures

New damage indicators include a variety of commercial building types, as
well as barns, mobile homes, transmission towers, and trees

Provides recommendations for additional data to be collected during
damage surveys
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There Are Now 28 Categories of Damage Indicators
That Can Be Used To Make a Rating

(ENHANCED FUJITA SCALE EXAMPLE)

Strip Mall (SM, damage indicator #10)

Typical Construction:
Large, rectangular single-story building with large
surrounding parking
Flat roof with parapet wall
Built-up roofing or single-ply roof membrane witigid
insulation
- Wood or metal deck, wood fiber cement panels
Light-frame steel roof support with steel joistgaist
girders
Brick or concrete block wall construction
Large window glass and glass entry doors
- Covered walkway attached to building
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Degree of Damage Indicators Help Determine the
Windspeed

‘
Degree of Damage Description Wind speed limits
Damage (mean)
1 Thr hald af vicihla d £A Q1 (BE)
2 upi| 1dentify highest 54 o0t corners Use this wind
3 Bro observed [ speed estimate
2 Upl degree of to assign EF
5 Coll damage alls rating
6 Covered walkways uplifted or collaps, — @125 (@
7 Uplift or collapse of entire roof structure 103-143 (122)
8 Collapse of exterior walls; closely spaced interiatlsvremain standing 117-165 (140)
9 Complete destruction of all or a large section of lngjd 147-198 (171)
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Damaging Winds Can Have a Wide Range of Spatial
and Temporal Scales
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» Downburst winds within the storm can have a coverage of a few
square miles and occur over a time period of about one hour or less

» Squall lines spread out quickly ahead of an organized line of
thunderstorms, cover an area of hundreds of square miles, and have a
duration of several hours

» Derecho are extensive wind events that are associated with long lived
convective storm complexes that can cover thousands or tens of
thousands of square miles and have life spans of up to a day

Hail Intensity Depends on Both Size and Amount

» Important characteristics of hail storm include
— Hailstone size
— Number of hailstones per unit area
— Wind speed
» Total amount of accumulation also depends on the duration of the
event




Macro Events Are Comprised of Clusters of Micro
Events Within the Same Weather Pattern
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Oklahoma City Outbreak: May 3 - 7, 1999 71 damaging
Hail . tornadoes
Tornado =
Wind +
Winds in

excess of 100

The AIR Stochastic Catalog is Developed Using
Detailed Frequency and Intensity Information 2l

The catalog captures the spatial extent of the macro event and the highly localized effects
of micro events

The composition of each macro event reflects combinations of all three perils determined
from a meteorological perspective (i.e. not dictated by loss)

Micro event information includes day, month, location, area covered and duration
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AIR’s Approach for Determining Affected Locations |
Faster and More Accurate

|

* Previous approach - map each micro event to a grid
* New approach - point in polygon method
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Tornado Damage Function for Residential Wood Frame

Structure =
40-112 mph 113-160 mph >160 mph
Minimal to Moderate Considerable to Severe Catastrophic Damage
Damage Damage (Well-constructed
structures leveled)

Roofs peeled off) (Roofs & some walls torn off)

Damage Ratio

Wind Speed
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40-112 mph 113-206 mph >207 mph
Minimal to Moderate Damage  Considerable to Severe Damage Catastrophic Damage

(Minor damage to (Significant damage to (Major damage to
roofs & cladding) roofs & cladding) engineered structures)
/

Damage Ratio

/

Wind Speed

» Common failures - garage and roof corners
» Substantial damage can occur at high wind speeds

o

Tornado\

Wind

Damage Ratio

Wind Speed
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Wisconsin: 2000

Texas: 1996

v

Damage Ratio

Auto

\

Property

Hail Impact Energy
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Hail Occurrence by Time of Day
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Aggregate Losses

(Trended to 2009 $) Trended by AIR to 2009 $
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Occurrence Loss (USD Billions)
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» Prior to the deployment of doppler radar, the complexity
and scope of Severe Storm events made the gathering of
accurate data difficult.

 Itis difficult to determine Severe Storm trends as there are
only about 15 years of “good” data for analysis.

* Researchers continues to search for links to climate
mechanisms such as ENSO to determine their impact on
long term trends.

» Stochastic models provide a tool to analyze potential
catastrophe losses due to Severe Storm perils.

Joel Thomson - Manager, Client Relations
E-Mail -
Telephone — (617) 954-1909

AIR Worldwide
131 Dartmouth Street
Boston, MA 02116-5134
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