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HURRICANE HARVEY 2017

• 8/22 TUE - 8/23 WED

• LOW à TROPICAL STORM

GENESIS

• 8/24 THU – 8/25 FRI

• 8/26 SAT - LANDFALL



INITIAL MODEL

PREDICTIONS

•GOOD HURRICANE TRACK

AGREEMENT

•GOOD HURRICANE INTENSITY

AGREEMENT

•MAGNITUDE?



HURRICANE HARVEY 2017

• 8/22 TUE - 8/23 WED

• LOW à TROPICAL STORM

GENESIS

• 8/24 THU – 8/25 FRI

• TROPICAL STORM à CAT1

• RAPID INTENSIFICATION

• 42MB IN 24HRS

• 40MPH IN 24HRS

• RAPID INTENSIFICATION BEGINS

• 982MB AT ~16UTC

• 8/25 FRI – 8/26 SAT



8/24 – 24hr Model Forecast Intensity Error

• ECMWF

• ECMWF_DET ~ 48%
• ECMWF_ENSM ~ 48%
• ECMWF_ENS ~ 48%

• Dynamic

• GFS ~ 45%
• CMC ~ 52%
• HMON ~ 33%
• HWRF ~52%



HURRICANE HARVEY 2017

• 8/22 TUE - 8/23 WED

• LOW à TROPICAL STORM

GENESIS

• 8/24 THU – 8/25 FRI

• TROPICAL STORM à CAT1

• 8/25 FRI – 8/26 SAT

• RAPID INTENSIFICATION ENDS

• 947MB AT 16UTC

• CAT1 à CAT4

• LANDFALL(939MB, 130MPH)



• ECMWF

• ECMWF_DET ~ 20%
• ECMWF_ENSM ~ 14%
• ECMWF_ENS ~ 14%

• Dynamic

• GFS ~ 5%
• CMC ~ 23%
• HMON ~ -6%
• HWRF ~15%

8/25 – 18hr Model Forecast Intensity Error



MOTIVATION – HISTORICAL IMPROVEMENTS FORECAST ERRORS

• HURRICANE TRACK
• HURRICANE INTENSITY



SOURCES OF ERROR

• STORM MOTION INFLUENCED BY MEAN SURROUNDING FLOW AND CORIOLIS VARIATION WITH LATITUDE è LARGE

SCALES (>100KM)

• DATA FREQUENT (SPATIAL AND TEMPORAL)

• GEOSTATIONARY SATELLITE

• REANALYSIS MODELS

• STORM INTENSITY AND RAPID INTENSIFICATION INFLUENCES BY INNER CORE DYNAMICS è SMALL SCALES (0-100KM)

• DATA INFREQUENT (SPATIAL AND TEMPORAL)

• BUOY

• MICROWAVE SATELLITE OVERPASS

• DROPSONDES

• PLANE FLY THROUGHS



THEORY – KERRY EMMANUEL MAX POTENTIAL INTENSITY(MPI)
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GOALS

• DEVELOP A DEEP LEARNING NN MODEL TO BETTER IDENTIFY CASES OF RI

• UTILIZING REAL TIME DATA

• MINIMAL DATA PROCESSING

• OUTPUT PREDICTION BETTER OR COMPARABLE THAN CURRENT FORECAST PERIOD



INPUT DATA 
1. NOAA HURRICANE REANALYSIS DATASET

- HURDAT(~6HR)

1. MIN. PRESSURE

2. VELOCITY/PRESSURE FIELD(RANKINE

VORTEX)

2. GLD360 LIGHTNING

DATA(~MILLISECONDS,90-95% 
ACCURACY, .3-.5KM ACCURACY)

1. LIGHTNING DENSITY

2. LIGHTNING POLARITY(POS/NEG)

3. NASA GROUP HIGH RESOLUTION SST -
GHRSST(~24HRS, .1KM X 1KM)

1. MISCELLANEOUS

1. NIGHT/DAY

2. LAND/SEA
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MODEL PREPROCESS
• 40KM X 40KM GRID FOLLOWING CENTRAL PRESSURE OF HURRICANE

• 1600 1KM X 1KM GRID ELEMENTS

• GRID ELEMENTS

• SST TEMP

• TOUT

• LIGHTNING DENSITY

• TOTAL

• POSITIVE

• NEGATIVE

• VELOCITY/PRESSURE FIELD

• DAY/NIGHT

• LAND/SEA

• GRID IS INTERPOLATED FOR EVERY 5 MINUTES FROM 8/23@18UTC à 8/26@5UTC

• 59HRS*12 (5MIN/HR) = 708-5MIN TIME INCREMENTS

• EACH GRID ELEMENT IS NORMALIZED



MODEL SETUP

• EACH GRID ELEMENT IS NORMALIZED

• VALIDATION DATA OUTPUTS IN RAPID INTENSIFICATION SCALE (0-10) FOR 24 HOURS AHEAD

• 0 = STORM WEAKENING (+5MB PRESSURE GAIN PER HOUR OR +.416MB PER 5MIN)

• 5 = STORM RI THRESHOLD (-2MB PRESSURE DROP PER HOUR OR -.16MB PER 5MIN)

• 10 = STRONGEST RI(-6MB PRESSURE DROP PER HOUR OR -.5MB PER 5MIN)

• VALIDATION DATA IS RANDOMIZED EACH RUN AND ACCOUNT FOR 25% OF INITIAL DATA SET

• 4 RUNS = 2 DNN, 2CNN

• DNN

• DNN WITH ADDITIONAL 2HOURS OF PREVIOUS GRID ELEMENTS

• CNN

• CNN WITH ADDITIONAL 2HOURS OF PREVIOUS GRID ELEMENTS

• MACHINE OPTIMIZATION PARAMETERS

• LEARNING RATE = .0005

• BATCH SIZE = 64

• CNN FILTER SIZE (8,7)

• OPTIMIZER = ADAM – ADAPTIVE LEARNING RATE OPTIMIZATION

• MODEL COMPILE LOSS = SPARSE CATEGORICAL CROSSENTROPY (CAT 0-9)



ARCHITECTURE

DNN

10 current gridded elements

10*(40x40grid) = 16000 elements

DNN with Time

10 current gridded elements

3hrs previous gridded elements = 
(3*10*12) +10= 370*1600= 592000 

elements

CNN

10 current gridded elements

10*(40x40grid) = 16000 elements

CNN with Time

10 current gridded elements

3hrs previous gridded elements = 
(3*10*12)+10 = 370 gridded 

elements



RESULTS
• USING RANDOM VALIDATION ELEMENTS ACCOUNTING FOR 25% OF TOTAL DATA

DNN

CNN

CURRENT + PREV. 2HOURSCURRENT

83% 87%

77% 92%



FUTURE WORK

• UTILIZING NEW AND AVAILABLE VARIABLES

• HEAT CONTENT

• BATHYMETRY

• SATELLITE DERIVED WIND SPEEDS ALOFT

• SATELLITE IMAGERY/MICROWAVE TEMPERATURES/MOISTURE

• STORM PROPAGATION SPEED

• UTILIZING OUTSIDE CNN AND COMPARE RESULTS

• TRAIN MODEL ON OTHER STORMS FROM SAME OCEAN BASIN AND OTHER STORM BASINS



WORK CITED

1. HTTPS://JUDITHCURRY.COM/2017/08/27/HURRICANE-HARVEY-LONG-RANGE-FORECASTS/

2. HTTPS://WWW.NHC.NOAA.GOV/DATA/TCR/AL092017_HARVEY.PDF

3. HTTPS://WWW.NHC.NOAA.GOV/VERIFICATION/FIGS/ALINERRTRD.JPG

4. HTTPS://WWW.NHC.NOAA.GOV/VERIFICATION/FIGS/ALTKERRTRD_NOTD.JPG

5. HTTPS://WWW.WEATHER.GOV/MEDIA/PUBLICATIONS/ASSESSMENTS/HARVEY6-18.PDF

6. HTTPS://WWW.CLIMATE.GOV/SITES/DEFAULT/FILES/SUOMI_VIIRS_25AUG2017_LARGE.PNG



QUESTIONS?


