 Quaterly report of the Meteorology Component

1. HURDAT

The 2007 version of HURDAT is not available. 

2. Base set Update


 We have determined that Storm #3 of 1904 was most likely a hurricane and was added to our base set as a category one hurricane strike in Region C of Florida. This storm was left off of the Florida Commission's Base Set because the HURDAT had failed to list it as a hurricane striking Florida due to an omission in the end line of the record.  This oversight was corrected during the re-analysis of HURDAT. This storm was not contained in the base set used for our 2006 submission.  Jason Butke of AIR called this storm to our attention.

We have gone back to the historical information available and reconstructed a base set track based on HURDAT. The first 10 hours (out of 105) of our track list are below 

  105

Storm003 10/16/1904 23:00 UTC

1  1904  1016  23 00   24.05   79.90   987.25   31.46  1.40  0

1  1904  1017  00 00   24.20   79.90   986.93   31.70  1.40  0

1  1904  1017  01 00   24.35   79.93   986.61   31.92  1.40  0

1  1904  1017  02 00   24.50   79.97   986.29   32.14  1.39  0

1  1904  1017  03 00   24.65   80.00   985.96   32.36  1.39  0

1  1904  1017  04 00   24.80   80.03   985.64   32.59  1.39  0

1  1904  1017  05 00   24.95   80.07   985.32   32.81  1.39  0

1  1904  1017  06 00   25.10   80.10   985.00   33.04  1.38  0

1  1904  1017  07 00   25.30   80.30   985.00   34.67  1.38  1

1  1904  1017  08 00   25.38   80.38   985.42   34.67  1.37  3

Where the format is described as follow;

<number of fixes>

<storm Number><m/d/ yyyy > <hh: mm>

<storm category><year><mmdd><hh><minute><latitude><longitude><center pressure><Rmax><Holand> <lsflg>

The following was determined for each hourly fix of the storm; Category, Year, Date, Time, Latitude, Longitude, Centre pressure, Rmax, Holland B and lsflg.  The central pressure, and Rmax were computed using the statistical formula described in our submission.

A plot shown below was also constructed. 
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This storm was added to the base set information on our web page    http://www.aoml.noaa.gov/hrd/lossmodel/

A complete track list can be found at;

http://www.aoml.noaa.gov/hrd/lossmodel/h3_1904.txt

The implications of this change are as follows:

Form M1:  One additional Category 1 landfall statewide and in region C, therefore the historical frequencies and chi square calculations and P values will change for Cat 1 statewide and in Region C. The updated values are listed below;

	Region
	C 
	
	

	Chisqu
	1.5806
	PValue
	0.3585

	Region
	State 
	
	

	Chisqu
	4.8601
	PValue
	0.1443


                Form S1:  One less year of zero hurricanes and one more year of only 1 hurricane so      the historical landfall frequencies and statistical tests will change. The first two rows below (2nd column) were updated.

	STATE
	 

	Num of Hurricanes 
Per Year
	Historical 
Probability

	0
	0.5755

	1
	0.2736

	2
	0.1226

	3
	0.0283

	4
	0

	5
	0

	6
	0

	7
	0

	8
	0

	9
	0

	10 or more
	0


The Wind field model was run as well as the WSC, the results were used to update  Form A3 loss calculation.

Form A3:  The 1904 storm hit south Florida and our model produces a loss $1.8B

The statewide average annual loss cost with the 1904 storm added increases to $2.82B from  $2.80B without the 1904 storm.

3.  Commercial model

The linear model was written by Jeff Kepert of the Australian Bureau of Meteorology  (BOM), and is based on the following paper (JAS 2001); The Dynamics of Boundary Layer Jets within the Tropical Cyclone Part I: Linear Theory.  This model has been published extensively and is a 3D linear model capable of reproducing the boundary layer jet and it’s azimuthal variability.
BOM owns the copyright but it's free to use for non-commercial purposes.  If the model validation is successful we recommend that the State request a license to use the code.  

Model equations

(Section Missing)

4.  Flow chart of the commercial model;

Several changes will need to be implemented for the model to be compatible with our risk modeling system.  We plan to make these changes during the next few months, and then run the model through the nine storm validation set.  

The overall flow is presented below. The chart shows that we first read a storm trackfile that contains the following values; Storm Category, Year, Date, Time, Latitude, Longitude, Centre pressure, Rmax, Holland B and lsflg for each hourly fix. This data is processed by the model to produce the values listed in the output box below. 
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The model architecture was identified and most of the components are described below. The Linear model flow chart is given below. 





















            The components of the above flow chart are described below;

1. READ_ALLTRACKS.M: 

  This module reads g_trackfile and separates it into individual track files for processing.

It outputs a file called ‘trackfile’.

2. RUN_1TRACK.M: 

  This module processes each single track.  It reads the input file called trackfile.

3.TRACK.M

1. Reads in the trackfile to arrays

ctg = storm category, zhour = fix hour, zmin=fix min, nlat=latitude, elon=longitude, cpr=centre pressure, rmx=Rmax, hdb=Holland B, lsflg=land sea flag.

2. Mark the fix of lowest central pressure unless it coincides with landfall. 

3. Calculate the time in minutes for each fix from the start of the storm rack.

4. Samples the data at regular (1 hrs) intervals prior to the smoothing using cubic spline interpolation.

5. Calculates the storm translation speed in m/s  and bearing  based on the fix data. 

6. Smoothens translation speed and bearing (clock wise angle from north) on hourly grid.

7. Evaluates smoothed translation speed (spdms) and bearing (bear) at fix times using Cubic spline interpolation.

8. Evaluates smoothed track positions (elonk,nlatk) and Rmax (rmwk) minute by minute.

9. Finally, saves track related quantities for use by other files as trackc.txt.

bear=Bearing at each fix, 


cpr=center pressure at each fix, 

day=day of each fix, 


elon=longitude of each fix, 

elonk=longitude of storm at each minute, 
spdms=translation speed of the storm at each fix

hdb=Holland B at each fix, 
ktime=array from 0 to last minute of storm track (step=1), 

lsflg=land sea flag of each fix, 

 minz=min of each fix, 

nlat=latitude of each fix, 


 nlatk=latitude of storm at each minute, pdf=delta p of each fix, 


                rmwk=R max at each minute, 

rmx=Rmax of each fix, 


4.VMDP.M

           This module computes maximum gradient wind (Vmx) at each hourly fix.

5.SET_LIN.M

This module gathers all the variable that will be used in the linear model for every time step. 

6.LIN_SOL.M

This module computes the wind fields (u,v,w) on a Cartesian grid. The computed snapshots are in cylindrical polar coordinate (lam,r,z).

8. PKUVZ.M
This module produces an output file, which lists the peak marine (at all vertical) levels and open terrain surface wind components experienced at each zip code for the current storm.  If the storm makes landfall, then the peak marine (at all levels) and open terrain winds are listed at the site of the landfall. If the storm only bypasses the state then the peak marine (at all vertical levels) and open terrain winds are listed for the fix exhibiting the lowest central pressure.

1.read zipcodes.txt. This contains the longitude and latitude of all zip codes.

2.Initialization of other variables.

elonk=east longitude of the track every minute

nlatk=north latitude of the track every minute

kmax=maximum time(life time) of the storm in Minutes.

nzip=Number of zip codes

3.Calculate all time series. (time k is incremented in steps of ‘kinc’ from zero to kmax)

4.Determine which zip codes will be affected by the storm.

REACH is used to calculate the reach of the storm at that particular time step. Storm ‘reach’ is calculated in terms of RMW. If the calculated ‘reach’ is less than 12.5 that calculated value is taken as the reach. Other wise 12.5 is considered as the storm reach.

5.If at least one of the zip codes is affected by the storm; generate relevant portion of gridded field for current time k.

6.Evaluate marine windfield at all levels components at admissible zip code centroids. 

7.Use MAR2OT to convert above calculated marine wind speeds into Open Terrain wind speeds.

8.After the construction of the time series record maximum total OT wind speed at each zip code.

9.Obtain marine and OT peak winds at landfall or lowest pressure for bypassing storms. At the same time record the time and location of landfall or lowest pressure fix.

10.Write to the output file if at least one zip code is affected by the storm.

 9. REACH.M

This function determines the influence radius.

Influence radius = 12.3246 – 0.162*rmw

If the calculated value is less than 4, then set it to 4

 10. LLTOXY. M

This module converts east longitude and north latitude into zonal distance (xmerc) and meridional distance (ymerc) in meters from the cyclone center (elo,gglo)

ymerc= mercator y coordinates from latitudes

xmerc= mercator x coordinates from longitudes

11. MAR2OT.M

This module converts marine wind speeds (m/s) into Open Terrain wind speeds (m/s).

12.Model constants

     The model constants Cd and K need to be adjusted.
 
Discussions with U. Munich researchers (Roger Smith and Steffi)
Researcher from U. of Munich visited HRD on the first weeks of September, while here we discussed the derivation of the Linear model. The researcher mentioned that there was an error in the denominator of A0 (Section 3 -Eq. 3b ) or Eq. 17 on page 2474 of the 2001 JAS paper; the constant 2 in the denominator should be a 1. Their findings if verified will have direct implication on the numerical values of our version of the linear model.  So resolving this problem was important. The reasoning (derivation) behind their statement was as follow;    

With  v=V+v’   the linear equations becomes;
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Then comparing the coefficients of u and v’ gives; 
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A solution of (4) that decays as z -> 
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In (5), A is a complex constant that is determined by the surface boundary condition
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The left-hand side may be written 
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While the right-hand side can be written 
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The latter linearize to give 
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Then (6) gives 
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Equating the real and imaginary parts gives
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A reanalysis of the above derivation with Jeff Kepert resulted in finding an error in the above reasoning. The discrepancy between the two resulting equations (or constants) arises because the above reasoning uses a less accurate linearization for the surface boundary condition and hence the 1 instead of 2.

Input: storm track


Storm ctg,Centre pressure, R max, Longitude, Latitude, lsflg, Holland B, date & time for each of hourly fixes of the storm








Linear Model





Output: 


Land fall or by passing location (longitude/latitude) of storm 


Maximum sfc OT wind speed/time/direction any where in the storm


Maximum wind for all the horizontal grids that start at 10m and end at 1km above the surface. 


Maximum wind speed/time/direction at each zip code affected by the storm








    Set_Lin.m





      Track.m





   READ_1TRACK.m





  Lin_Sol.m





  PKUVZ.M





    Output





   Trackfile





Vmdp.m





    Mar2ot.m





    Zipcode.txt





    Lltoxy.m





    Reach.m
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