Model equations

The simplified horizontal momentum equations for a steady-state vortex with constant with constant vertical turbulent diffusivity and no horizontal diffusion, in cylindrical coordinates moving with the vortex are; 
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The first equation (1a) represents the radial flow balance between the acceleration due to azimuthal advection, gradient wind imbalance and turbulent transport. 

The second equation (1b) represents the balance for the azimuthal component, between azimuthal and radial advection of absolute angular momentum and its turbulent transport.

The above can also be written as;
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where the u and v component where combined into the complex variable
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equation (2) is expanded as a Fourier series in azimuth,
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for complex coefficients 
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equating the  coefficients of exp(ik[image: image11]) to zero gives a family of second-order differential equations in 
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Seeking solutions 
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 for some contant [image: image15] and [image: image16], we get the following
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         Solution with positive real part are eliminated as the perturbation u and v are required to tend to zero as z tends to infinity.  After further simplification we obtain

The following values for A1, A0 and A-1; (Equations 3a,3b and 3c) 
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where 
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              A solution to equation (2) or the boundary layer flow is thus given by;


[image: image24.emf]1 0 1

(,) (,) () ( ,) u z u z u z u z l l l

-

= + +



[image: image25.emf]1 0 1

(,) (,) () ( ,) v z v z v z v z l l l

-

= + +


              Where u is the real part of w and v is the imaginary part of w, also the components

              are combination of 3a, 3b and 3c.

    Example Hurricane Andrew at landfall:

Code was added to read and process the initial state  as well as the output for any given storm; 

For example Andrew at landfall we read rmax=19.2km , The central pressure= 922mb,Holland B=1.4 as well as  latitude and longitude.  This data is processed and then read by the linear model,

Which produces wind speeds on a grid.   This grid is processed to be in the same resolution and projection as the H*wind grids.  The H*wind data values represent a 1minute sustained wind, the

Modeled wind are at some  averaging time that needs to be determined.  

To determine the averaging time we need to do a wind speed comparison between the modeled output and observed wind.  An example is shown below (Andrew fig 3 and 4) where we have the H*wind analysis grid 100kmx100km with a 6km resolution , and model output grid with the same domain and resolution.

The first two graphs below (fig 1 and 2) represent a modeled cross-section of the wind speed with 10 meter vertical resolution and 6 km horizontal resolution.

Fig 1: Domain size : 500 meters on the vertical and 500km on the horizontal (East-West)
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Fig 2: Domain size : 500 meters on the vertical and 500km on the horizontal (North-South)
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Fig 3: The graph below represents a model output of the mean marine wind speed in m/s for hurricane Andrew at landfall (Resolution 6.018 km).  
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Fig 4: The graph below represents 1mn analyzed marine wind speed for hurricane Andrew at landfall (resolution 6.018 km).
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Discussions with U. Munich researchers (Roger Smith and Steffi Vogel)

Researchers from U. of Munich visited HRD on the first weeks of September, while here we discussed the derivation as well as the science behind the Linear model.  While going over the derivation they mentioned that there was an error in the denominator of A0 ( above Section -Eq. 3b )  namely
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In the above original equation we have “+2” in the denominator , they claim (the team) that it 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. So we proceeded to go over the entire derivation as well as different kind of approximation on the boundary conditions. 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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Then 
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[image: image51] , and Eq. (3) may be written then as
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A solution of (4) that decays as z -> [image: image88.png]0°m
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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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From which 

[image: image99.png]—(A. +4)=v(+24)




[image: image64]
     [image: image100.png]A =-4-v(1+24)=-~v -(1+2v)4




[image: image65]
Finally

                                           [image: image101.png]=—=v —-(1+2v)(1+v)A4




[image: image66]
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 1 and 2) arises because the above reasoning uses a less accurate linearization for the surface boundary condition and hence the 1 instead of 2. So this resolved this problem, and hence we kept the 2 in the denominator.

.

Time Series:

A time series product was built for the observed data. Now we are able to take any lat-long point on the path of a given storm and determine the wind speed and direction values at any given time during the life of the storm. These data points are determined by making use of a set of H*wind analysis of a the given storm.

The example below shows a 40 minute sample of the time series for zipcode 41, the interval time is 20mns ; we have 5 columns, day, hour, minutes, wind speed, wind direction

Observed:

  zipcode      elon      nlat         ux          vy        max w (m/s)     dir

    41     -80.6169   26.1624      -18.40   -12.88    22.46    54.00

       day   hour    min      w (m/s)     dir

       0       0       0      7.95703     356

       0       0      20      8.44971     357

       0       0      40      9.19418     359

This tool will allow us to compare time series of the modeled wind with a time series for the observed wind. 
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