Hurricane Forecasting

Error Analysis

By William Lesso

When the first hurricane forecasting model was constructed nearly thirty years ago, it consisted of two single step Markov processes – a random walk in two dimensions. One of our main concerns was determining the accuracy of the forecasts especially compared to the models in use by the National Hurricane Center.  At that time, they had a design criterion that the 72-hour mean position error should not be more than 125 nautical miles. They felt that this was adequate time for the residents along the coast to take action to protect their property and evacuate. The minimum safe time was felt to be 24 hours. The current models had only achieved a 72-hour mean position error of about 375 nautical miles. This meant that if the forecasted that a hurricane would hit Brownsville on the lower Texas coast it could go up the Sabine River between Texas and Louisiana at the other end of the Texas coast. So we developed an error analysis module for our first models which is still incorporated in our current model. Essentially it compared each 6-hour forecast with the actual position six hours later and averaged them, compared each 12-hour forecast with where the hurricane was 12 hours later, etc.


The first models were either very good – 72-hour means below 100 nm. – or very bad – over 500 nm. Through a series of changes by several people, the model was enhanced to add graphics and improved to add more variables to the Markov process. The final set of improvements was done by Dr. Tom Curry as part of his Ph d research. We had changed the Markov model to be a 2-step process. This allowed us to forecast the direction and amount of movement. Also we added the position of the hurricane 24 hours previously since the hurricanes are known to have a diurnal movement – i.e. they slow down at night and speed up during the day. Finally Tome curry replaced the Markov probability transition matrices with sets of regression function which were latitude sensitive. 


The next major change was when Dr. Paul Jensen converted the model to run in Excel using Visual Basic. This version still incorporates the error analysis function.

Landfall Error Analysis

The next extension underway is to determine how accurate the model is in predicting the landfall of the hurricane both in position and in time. Currently, this is still a manual process that we hope to eventually automate. In the meantime, we present a simple procedure to do the analysis.


The first forecast can be made as soon as five position reports have been entered.

1. View the forecast map. If the forecast map indicates land fall, enter the number of the last observation and copy the forecast number, time and position of the landfall forecast. If the was no landfall, enter the next position report when available and check for landfall. Repeat until the forecast does show landfall. For Hurricane Arlene, this occurred with Position report #7 and the first part of the table is shown below.

2. First entry in Landfall Analysis table:

	
	Land Fall Analysis
	
	

	Obs
	Obs
	Date/Time
	Latitude
	Longitude

	7
	21
	06/13 17
	28.8
	89.1


3. Repeat these steps until land fall is achieved. At this point the table looks like this:

	
	Land Fall Analysis
	
	

	Obs
	Obs
	Date/Time
	Latitude
	Longitude

	7
	21
	06/13 17
	28.8
	89.1

	8
	11
	06/11 05
	29.2
	85.7

	9
	13
	06/11 17
	30.1
	85.7

	10
	14
	06/11 23
	30.4
	89.2

	11
	13
	06/11 17
	30.4
	87.2

	12
	13
	06/11 17
	30.6
	87.5

	Landfall
	13
	06/11 17
	30.7
	87.4


4. Now the position error can be calculated by modifying the distance function in cell N23 to include the landfall row:

=Hurr_Dist(M23,L23,M$29,L$29)
This is filled down to include the actual landfall which should show “0” error if done correctly.

5. Finally, the time error is done simply by calculating the time between the actual landfall and the forecasted landfall. We have adopted the convention that late forecasts are negative and early forecasts are positive. We would rather err on forecasting landfall too early than too late.

6. The final table looks like this with the mean and standard deviation of the position error.

	
	Land Fall Analysis
	
	
	Error
	Error

	Obs
	Obs
	Date/Time
	Latitude
	Longitude
	Distance
	Time

	7
	21
	06/13 17
	28.8
	89.1
	144.4
	-48

	8
	11
	06/11 05
	29.2
	85.7
	124.3
	12

	9
	13
	06/11 17
	30.1
	85.7
	93.0
	0

	10
	14
	06/11 23
	30.4
	89.2
	94.0
	-5

	11
	13
	06/11 17
	30.4
	87.2
	20.1
	0

	12
	13
	06/11 17
	30.6
	87.5
	6.8
	0

	Landfall
	13
	06/11 17
	30.7
	87.4
	0.0
	0

	
	
	
	
	
	
	

	
	
	
	
	Average
	68.9
	

	
	
	
	
	Std Dev
	59.1
	



It is possible for a hurricane to make more than one landfall. This would happen if it hit the Yucatan peninsula and reentered the Gulf of Mexico, hit the islands of Cuba, Porto Rica, Haiti-Dominican Republic or crossed the peninsula of Florida and then entered either the Gulf or the Atlantic Ocean. Probably the strangest occurrence was Hurricane Barry moving up the east coast of Florida, took a sharp left turn at Cape Cane rival, crossed Florida, entered the Gulf and eventually made a second landfall at Brownsville, Texas. But such storms are not common.


In the future, we will add a function that will approximate the coast line of the Caribbean and an automatic difference function for the time error.

