DRAFT

August 6, 2007


Meteorological Standards


M-1
Base Hurricane Storm Set*


(*Significant Revision)

For validation of landfall and by-passing storm frequency in the stochastic storm set, the modeler shall use the National Hurricane Center HURDAT as of June 25, 2007 (or later), HURDAT as of June 1, 2005 plus 2005 and 2006 seasons, or HURDAT as of June 1, 2006 plus 2006 season.  Complete additional season increments based on updates to HURDAT approved by the Tropical Prediction Center/National Hurricane Center are acceptable modifications to these storm sets.  Peer reviewed atmospheric science literature can be used to justify modifications to the Base Hurricane Storm Set.

Purpose:
The Base Hurricane Storm Set covers the period 1900-2006.  The primary use of this base hurricane storm set is in checking modeled versus historical hurricanes impacting Florida.  Failure to update the Base Hurricane Storm Set through the 2006 hurricane season is not acceptable.  


The National Hurricane Center periodically updates the online version of HURDAT incorporating the latest approved reanalysis updates, including the latest hurricane season, and other modifications to historical storms if an error has been discovered.  Since the online database is the source for HURDAT, a freeze date has been specified for the HURDAT version to be used.  This freeze date represents the date HURDAT was downloaded from the website.

The Commission has provided a multiple-year buffer for the transition between the previous Official Hurricane Set and the complete North Atlantic HURDAT.  The phase-in of the National Hurricane Center HURDAT as the Base Hurricane Set will be completed in the 2008 Report of Activities with the National Hurricane Center HURDAT valid June 1, 2008 that includes through the 2007 hurricane season.

· 

· 

· 

· 

· 

· 

· 
Disclosures

1. Identify the Base Hurricane Storm Set, the release date, and the time period included for landfall and by-passing storm frequencies.
2. If the modeler has made any modifications to the Base Hurricane Storm Set related to landfall frequency, provide justification for such modifications.

3. If the model incorporates short-term or long-term modification or partitioning of the historical data leading to differences between modeled climatology and that in the entire Base Hurricane Storm Set, describe how this is incorporated.  (moved, previously M-4, Disclosure 2)
4. Provide a completed Form M-1, Annual Occurrence Rates.  (moved, previously M-4, Disclosure 3)
Audit

1.  The modeler’s Base Hurricane Storm Set will be reviewed.
2. Reasoning and justification underlying any modification by the modeler to the Base Hurricane Storm Set will be reviewed.

3. Reasoning and justification underlying any short-term and long-term variations in annual storm frequencies incorporated in the model will be reviewed.  (modified from previous M-4, Audit 6)
4. Modeled probabilities are compared with observed hurricane frequency using methods documented in currently accepted scientific literature.  The goodness-of-fit of modeled to historical hurricane frequencies for the four regions of Florida and overall as provided in Form M-1 will be reviewed.  (moved, previously M-4, Audit 1)
M-2
Hurricane Parameters and Characteristics*
(*Significant Revision due to new Disclosures and Audit language)
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, strike probabilities, tracks, the spatial and time variant windfields, and conversion factors, shall be based on information documented by currently accepted scientific literature.


Purpose:
This Standard requires that the modeler use only scientifically sound information for determining hurricane parameters and characteristics.  The stochastic storm set should depict realistic hurricane characteristics.  Any differences in the treatment of hurricane parameters between historical and stochastic storms should be justified.
For the purposes of this Standard, a hurricane parameter is an input (generally stochastic) to the model.  Examples of hurricane parameters are radius to maximum wind, maximum wind, profile factor, instantaneous speed and direction of motion.  Hurricane characteristics are outputs of the model.  Examples of hurricane characteristics are modeled windspeed at a particular location, track, and intensity variation.
Disclosures

1. Identify the hurricane parameters (e.g., central pressure or radius of maximum winds) that are used in the model.  Describe the historical data used for each of these characteristics identifying all storms used.

2. Describe the dependencies among variables in the windfield component and how they are represented in the model, including the mathematical dependence of modeled windfield as a function of distance and direction from the center position.

3. For hurricane parameters modeled as random variables, describe the probability distributions.  Identify any parameters that have fixed values and provide justification.  (modified from previous M-2, Disclosure 8)
4. Describe how any hurricane parameters are treated differently in the historical and stochastic storm sets (e.g., has a fixed value in one set and not the other).
5. State whether the model simulates surface winds directly or requires conversion between some other reference level or layer and the surface.  Describe the process for converting the modeled vortex winds to surface winds including the treatment of the inherent uncertainties in the conversion factor with respect to location of the site compared to the radius of maximum winds over time.  Justify the variation in the surface winds conversion factor as a function of hurricane intensity. 

6. Describe how the windspeeds generated in the windfield model are converted from sustained to gust and identify the average time.

7. Describe how the asymmetric structure of hurricanes is represented in the model.

8. Describe the historical data used as the basis for the model’s hurricane tracks.  Discuss the appropriateness of the model stochastic hurricane tracks with reference to the historical storm database.
9. Describe how the coastline is segmented (or partitioned) in determining the parameters for hurricane frequency used in the model.  Provide the hurricane frequency distribution by intensity for each segment. 
10.  (moved up to Disclosure 3)
11. Describe any evolution of the functional representation of hurricane parameters during an individual storm life cycle.

  (moved to new M-4, Disclosure 9)

Audit

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

2.
Prepare graphical depictions of hurricane characteristics as used in the model.  Describe and justify:

· the data set basis for the fitted distributions,

· the modeled dependencies among correlated characteristics in the windfield component and how they are represented,

· the asymmetric nature of hurricanes, 

· the fitting methods used and any smoothing techniques employed.

3.
The goodness-of-fit of distributions to historical data will be reviewed.

  (moved to new M-4, Audit 6)
4.
The treatment of uncertainties associated with the conversion of gradient winds to surface winds will be compared with currently accepted literature.  Variation of the conversion factor with storm intensity will be reviewed.

5.
All modeler cited scientific literature provided in Standard G-1 will be reviewed to determine applicability.

6.
All external data sources that affect model generated windfields will be identified and their appropriateness will be reviewed.
(moved to M-5)


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


(moved to M-5)

1. 
2. 
3. 


M-3
Hurricane Probabilities

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

B. Modeled hurricane probabilities 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).  

Purpose:
This Standard requires that the modeled probability distributions of hurricane parameters and characteristics are consistent with those documented in currently accepted scientific literature.  Consistent means that spatial distributions of modeled hurricane probabilities accurately depict those of vulnerable coastlines in Florida and adjacent states.

The probability of occurrence of hurricanes should reasonably reflect the historical record with respect to intensities and geographical locations.  Extension beyond Florida boundaries demonstrates continuity of methodology.


Disclosures

1. List assumptions used in creating the hurricane characteristic databases.  

2. List source data used in developing probability distributions for all hurricane parameters and characteristics.

3.  (moved to M-1, Disclosure 3)
  (moved to M-1, Disclosure 4)
Audit

1. (moved to M-1, Audit 4)
2. Demonstrate that the quality of fit extends beyond the Florida border by showing results for appropriate coastal segments in Alabama, Georgia, and Mississippi.  

3. Describe and support the method of selecting stochastic storm tracks. 

4. Describe and support the method of selecting storm track strike intervals.  If strike locations are on a discrete set, show the landfall points for major metropolitan areas in Florida.  

5. Provide any modeler specific research performed to develop the functions used for simulating model variables or to develop databases.

  (moved to M-1, Audit 3)
M-4
Hurricane Windfield Structure*
(*New Standard)
A. The windfield generated by the model shall be consistent with observed historical storms affecting Florida.

B. The translation of land use and land cover or other source information to geographic surface roughness distribution shall be consistent with current state of the science.

Purpose: 
This Standard requires that the windfield model be implemented consistently with the land use and land cover distribution in Florida and that the resulting surface windfield be representative of historical storms in Florida and adjacent states.
The methodology for treating both historical and stochastic storms is to be documented, including any variations between these storm sets.

Disclosures

1. Provide a rotational windspeed (y-axis) versus radius (x-axis) plot of the average of the default symmetric wind profile used in the model and justify the choice of this wind profile.

2. If the model windfield has been modified in any way from previous submissions, provide a rotational windspeed (y-axis) versus radius (x-axis) plot of the average or default symmetric wind profile for both the new and old functions.  The choice of average or default should be consistent for the new and old functions.

3. If the model windfield has been modified in any way from previous submissions, describe variations between the new and old windfield functions with reference to historical storms.

4. Describe the relevance of the formulation of gust factor(s) used in the model.  (moved from M-5, Disclosure 2)
5. Identify all non-meteorological variables that affect windspeed estimation (e.g., surface roughness, topography, etc.).  (moved from M-5, Disclosure 3)
6. Provide the collection and publication dates of the land use and land cover data used in the model and justify their timeliness for Florida.  (moved from M-5, Disclosure 4)
7. Describe the methodology used to convert land use and land cover information into a spatial distribution of roughness coefficients in Florida and adjacent states.

8. The spatial distribution of model-generated winds should be demonstrated to be consistent with observed windfields for hurricanes affecting Florida.  (modified from M-5, Disclosure 6)
9. Describe how the model’s windfield is consistent with the inherent differences in windfields for such diverse storms as Hurricane Charley, Hurricane Katrina, and Hurricane Wilma.  (moved from M-2, Disclosure 10)
10. Describe any variations in the treatment of the model windfield for stochastic versus historical storms and justify this variation.

11. Provide a completed Form M-2, Maps of Maximum Winds.  (moved from M-5, Disclosure 8)
Audit

1. Provide any modeler-specific research performed to develop the windfield functions used in the model.  Identify the databases used.

2. Provide any modeler-specific research performed to derive the roughness distributions for Florida and adjacent states. 
3. The spatial distribution of surface roughness used in the model will be reviewed.

4. Identify other variables in the model that affect over land surface windspeed estimation.  (modified from M-5, Audit 1)
5. Provide detailed comparisons of the model windfield with Hurricane Charley, Hurricane Katrina, and Hurricane Wilma.

6. For wind and/or pressure fields not previously reviewed, the modeler will present time-based contour animations (capable of being paused) to demonstrate scientifically reasonable windfield characteristics.  (moved from M-2, Audit 4)
7. Form M-2 will be reviewed.  (moved from M-5, Audit 5)
M-5
Landfall and Over-Land Weakening Methodologies
A. The magnitude of land friction coefficients shall be consistent with current  state of the science relevant to current state of the science geographic surface roughness distributions and shall be implemented with appropriate geographic information system data.

B. The hurricane over-land weakening rate methodology used by the model shall be consistent with historical records.

C. 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 strike probabilities 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 Scale.
(moved from previous M-3)
Saffir-Simpson Hurricane Scale: 

	Category
	Winds (mph)
	Damage

	1
	74 – 95
	Minimal

	2
	  96 – 110
	Moderate

	3
	111 – 130
	Extensive

	4
	131 – 155
	Extreme

	5
	Over 155
	Catastrophic


Purpose: 
This Standard ensures that the required evaluation of intensity at landfall, weakening of hurricanes over-land, and the transition of winds from ocean to land is consistent with the current state of the science depicting appropriate surface boundary coefficients.  The land use and land cover database used by the model should be consistent with the current data for Florida.  The transition of winds from over water to over land within the model should be consistent with windfield boundary layer dynamics.


Disclosures

1. Describe and justify the functional form of hurricane decay rates used by the model.

2.  (moved to M-4, Disclosure 4)
3. (moved to M-4, Disclosure 5)
4.   (moved to M-4, Disclosure 6)
2.
Provide a graphical representation of the modeled degradation rates for Florida hurricanes over time compared to wind observations.  Reference to the Kaplan-DeMaria decay rates alone is not acceptable.
3.
Describe the transition from over-water to over-land boundary layer simulated in the model.
(moved to M-4, Disclosure 8)
4.
Document any differences between the treatment of decay rates in the model for stochastic hurricanes compared to historical hurricanes affecting Florida.
(moved to M-4, Disclosure 11)
Audit

1.   (moved to M-4, Audit 4)
2. Describe the variation in decay rate over-land used in the model. 

3. Comparisons of the model’s weakening rates to weakening rates for historical Florida hurricanes will be reviewed.

4. Transition of winds from over-water to over-land (i.e. landfall) will be reviewed.

5.   (moved to M-4, Audit 7)
M-6    Logical Relationships of Hurricane Characteristics

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.

Purpose:
This Standard requires the modeler to demonstrate physical consistency of the model windfield.

Disclosure

1.
Provide a completed Form M-3, Radius of Maximum Winds and Radii of Winds. 

Audit

1. Form M-3 and the modeler’s sensitivity analyses provide the information used in auditing this Standard.  

2. Justify the relationship between central pressure and radius of maximum winds.

Form M-1:  Annual Occurrence Rates

A. Provide annual occurrence rates for landfall from the data set defined by marine exposure that the model generates by hurricane category (defined by windspeed in the Saffir-Simpson scale) for the entire state of Florida and selected regions as defined in Figure 3.  List the annual occurrence rate (probability of an event in a given year) per hurricane category.  Annual occurrence rates should be rounded to two decimal places.

B. The historical frequencies below have been derived from the National Hurricane Center’s HURDAT as of June 25, 2007.  
C. Describe model variations from the historical frequencies.

D. Provide vertical bar graphs depicting distributions of hurricane frequencies by category by region of Florida (Figure 3) and for the neighboring states of Alabama/Mississippi and Georgia.  For the neighboring states, statistics based on the closest milepost to the state boundaries used in the model are adequate.  

Modeled Annual Occurrence Rates

Historical numbers in table to be updated
	
	Entire State
	Region A – NW Florida
	Region B – SW Florida

	Category
	Historical
	Modeled
	Historical
	Modeled
	Historical
	Modeled

	1
	0.25
	
	0.10
	
	0.08
	

	2
	0.13
	
	0.04
	
	0.02
	

	3
	0.16
	
	0.03
	
	0.05
	

	4
	0.04
	
	0.00
	
	0.02
	

	5
	0.02
	
	0.00
	
	0.01
	


	
	
Region C – SE Florida
	
Region D – NE Florida
	Florida By-Passing Hurricanes

	Category
	Historical
	Modeled
	Historical
	Modeled
	Historical
	Modeled

	1
	0.07
	
	0.00
	
	0.00
	

	2
	0.05
	
	0.02
	
	0.04
	

	3
	0.08
	
	0.00
	
	0.02
	

	4
	0.02
	
	0.00
	
	0.01
	

	5
	0.01
	
	0.00
	
	0.00
	


	
	Region E – Georgia
	Region F – Alabama/Mississippi

	Category
	Historical
	Modeled
	Historical
	Modeled

	1
	0.00
	
	0.07
	

	2
	0.04
	
	0.03
	

	3
	0.00
	
	0.06
	

	4
	0.00
	
	0.00
	

	5
	0.00
	
	0.01
	


Note:  Except where specified, Number of Hurricanes does not include By-Passing Storms.  Each time a hurricane goes from water to land it is counted as a landfall in the table above.
Figure 3

State of Florida and Neighboring States

By Region
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Form M-2:  Maps of Maximum Winds 

A.
Provide color maps of the maximum winds for the modeled version of the Base Hurricane Storm Set for both open terrain and actual terrain.

B.
Provide color maps of the maximum winds for a 100-year return period from the stochastic storm set for both open terrain and actual terrain. 

C.
Provide the maximum winds plotted on each contour map.

“Actual terrain” is the roughness distribution used in the standard version of the model.  “Open terrain” uses the same roughness values at all land points.

All maps should be color coded at the ZIP Code level.
Maximum winds in these maps are defined as the maximum one-minute sustained winds over the terrain as modeled and recorded at each location.  
The same color scheme and increments should be used for all maps.

Use the following seven isotach values and interval color coding:
(1) 40 mph
Blue
(2) 75 mph
Medium Blue
(3) 95 mph
Light Blue
(4) 110 mph
Light Pink
(5) 130 mph
Pink
(6) 140 mph
Light Red
(7) 155 mph
Red
Form M-3:  Radius of Maximum Winds and Radii of Winds
A.
For the central pressures in the table below, provide ranges for (1) the radius of maximum winds used by the model to create the stochastic storm set and for the radii of (2) Category 3 winds (> 110 mph), (3) Category 1 winds (> 73 mph), and (4) gale force winds (> 38 mph).  This information should be readily calculated from the windfield formula input to the model and does not require running the stochastic storm set.
B.
Identify the other variables that influence Rmax.

C.
Provide a box plot of Central Pressure (x-axis) versus Rmax (y-axis) to demonstrate relative populations and continuity of sampled hurricanes in the stochastic storm set.  
	Central Pressure (mb)
	Range of Rmax 
(mi)
	Range of R (111 mph) (mi)
	Range of R (74 mph) (mi)
	Range of R (39 mph) (mi)

	900
	
	
	
	

	910
	
	
	
	

	920
	
	
	
	

	930
	
	
	
	

	940
	
	
	
	

	950
	
	
	
	

	
	
	
	
	

	960
	
	
	
	

	
	
	
	
	

	970
	
	
	
	

	
	
	
	
	

	980
	
	
	
	

	
	
	
	
	

	990
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