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•

• scikit-learn (v. 0.23.dev0), imbalanced-learn (v. 0.6.2), TensorFlow (v. 2.1.0), 
Keras (v. 1.1.0)

http://www.hpcf.umbc.edu
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temperature, dewpoint, humidity, U-wind, 
V-wind, and pressure measurements 
correspond to recorded heights
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1.

2.



height 10m 154m ... 16317m 10m ... 16317m

Temp 1 Temp 2 ... Temp 37 Dewpoint 1 ... Pressure 37 Event

1 16.71 17.00 ... -67.24 15.83 ... 100.17 weak

2 20.46 19.99 ... -69.09 18.12 ... 100.26 weak

3 20.53 19.69 ... -70.53 18.08 ... 100.44 nontornadic

... ... ... ... ... ... ... ... ...

20194 21.12 20.26 ... -69.09 19.98 ... 100.11 weak



Confusion Table 

Predicted 
Actual

[0] [1] [2]

[0] 1837 307 28

[1] 550 986 32

[2] 62 168 69

Input: RUCSoundings
(Train 80%, Test 20%)

Create RF Model and 
Evaluate:
(Python sklearn)
Parameter Settings:
n_estimators = 200
max_depth = 200
class_weights =‘balanced’

Output Classifications:
[0] - Nontornadic
[1] - Weakly Tornadic (F0-F1)
[2] - Signif. Tornadic (F2-F5)

Output Data:
Confusion Matrix
Feature Importance Scores

Accuracy Scores (by class)

Class Total Predicted Accuracy

[0] 2172 1837 84.58%

[1] 1568 986 62.88%

[2] 299 69 23.08%

Overall 
Accuracy 

71.6%



Score RF Prediction Forecasting

POD 0.53 0.69

FAR 0.29 0.26

CSI 0.44 0.55

TSS 0.51 0.44

Contigency Table

Actual
Predicted

Yes [2] No [0]

Yes [2]  69
(Hits)

28
(False alarms)

No [0] 62
(Misses) 

1837
(Correct Rejects) 
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Accuracy Scores with and without 
pressure

Class Accuracy 
(w/pressure)

Accuracy
(w/o pressure)

[0] 84.58% 83.28%

[1] 62.88% 60.94%

[2] 23.08% 23.84%

Total 71.6% 70.14%





Importance of v-wind feature
Larger v-wind results in 
“curved” hodographs and these 
curved hodographs lead to 
more intense supercells 
capable of producing tornadoes
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Input: interpolated 
RUCSounding Data
(Train 80%, Test 20%)

Create CNN Model 
and Evaluate
(Python keras)

Output Classifications:
[0] - Nontornadic
[1] - Weakly Tornadic (F0-F1)
[2] - Signif. Tornadic (F2-F5)

Output:
Accuracy

Conv1D
64 filters

MaxPooling
pool size = 2

Flatten

Conv1D
128 filters

Dense Network
100 filters

Dense Network
softmax output

Output 
Classification

Accuracy:
65.365% +/-0.775%





Score Prediction Forecasting

POD 0.80 0.71

FAR 0.23 0.34

CSI 0.65 0.52

TSS 0.43 0.40

Contingency Table

Actual
Predicted

Yes [1,2] No [0]

Yes [1,2] 1299
(Hits)

676
(False alarms)

No [0] 533
(Misses) 

1531
(Correct Rejects) 



Simple CNN Model

Actual
Predicted

Yes [2] No [0]

Yes [2]  6
(Hits)

11
(False alarms)

No [0] 211
(Misses) 

1873
(Correct Rejects) 

Score Random 
Forest

Simple 
CNN

Complex 
CNN

Forecasting

POD 0.53 0.03 0.53 0.69

FAR 0.29 0.65 0.34 0.26

CSI 0.44 0.03 0.41 0.55

TSS 0.51 0.02 0.50 0.44Complex CNN Model

Actual
Predicted

Yes [2] No [0]

Yes [2]  75
(Hits)

43
(False alarms)

No [0] 83
(Misses) 

1774
(Correct Rejects) 
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imblearn.over_sampling.RandomOverSampler
imblearn.under_sampling.RandomUnderSampler



Class 
Accuracy

Before Undersample Oversample

Nontornadic 80.38% 56.59% 77.03%

Weak Tornadic 58.19% 58.19% 57.46%

Sig. Tornadic 26.69% 37.94% 36.01%
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Class Accuracy Before Undersample Oversample

Nontornadic 83.28% 69.78% 83.58%

Weak Tornadic 60.94% 47.02% 55.43%

Sig. Tornadic 23.84% 65.85% 33.53%
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Class Accuracy RF
Before

RF
Undersample

RF
Oversample

CNN
Before

CNN
Undersample

CNN
Oversample

Nontornadic 83.28% 69.78% (-13.5%) 83.58% (+0.3%) 80.38% 56.59% (-24%) 77.03% (-3.3%) 

Weakly-Tornadic 60.94% 47.02% (-14%) 55.43% (-5.5%) 58.19% 58.19% (0%) 57.46% (-0.7%) 

Sig. Tornadic 23.84% 65.85% (+42%) 33.53% (+9.7%) 26.69% 37.94%(+11.2%) 36.01% (+9.3%) 

Total Accuracy 70.14% 60.48% 68.43% 67.84% 58.26% 65.12%
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RF with undersampling

Predicted 
Actual

[0] [1] [2]

[0] 1478 403 237

[1] 380 749 464

[2] 31 81 216

CNN with oversampling 

Predicted 
Actual

[0] [1] [2]

[0] 1700 431 76

[1] 511 874 136

[2] 75 124 112
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