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Geostationary satellite imagery

https://himawari8.nict.go.jp/

Aircraft reconnaissance

http://www.aoml.noaa.gov/hrd/Landsea/gw_hurricanes/fig17.jpg

2



ISGC | 21 March 2018

3

V. F. Dvorak, “Tropical cyclone intensity analysis and 
forecasting from satellite imagery,” Mon. Wea. Rev., vol. 
103, no. 5, pp. 420–430, 1975.



ISGC | 21 March 2018

Objective techniques [1-6]
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Commonality: feature extraction in a image classification problem
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Central dense overcasts (CDO) + outer banding features 
(Dvorak 1975)

Cloud organization properties
Inner core characteristics
Radius of curvature 
Rain rate
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Convolutional neural networks
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LeCun, et al. (1998)

Krizhevsky, et al. (2012)

  Simonyan and Zisserman (2014)                                                                            Szegedy, et al. (2015) 

He, et al. (2016)

Needed: image-label pairs
MNIST (grayscale)

CIFAR10 (grayscale)
IMAGENET (RGB images)
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Images → Tropical cyclone IR images from Kochi (2015)1

Labels → Intensity values from JMA best track data2
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[1] http://weather.is.kochi-u.ac.jp/archive-e.html
[2] http://www.jma.go.jp/jma/jma-eng/jma-center/rsmc-hp-pub-eg/besttrack.html 

Single channel → RGB

10015 images of 
493 tropical cyclones
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Distribution of TC intensity 

Loss function:

squared error

normalization coefficient
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Model is robust and comparable 
to previous feature-based 
approach.
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Estimated 
intensity

Best track 
intensity
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intensity
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Images that maximize 
stack2_conv1

Operation similar to 
Pineros (2010, 2011) and 
Zhao, et al. (2016)

Consistent with Dvorak 
(1975)
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Images that maximize 
stack4_conv1

Model looks for an 
organized cloud circulation 
and a well-formed eye.
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● Explored a CNN-based approach for estimating 
TC intensity based only on grayscale IR images 
No explicit feature extraction required

● Model looked for organized cloud circulation 
and the presence/absence of an eye 

● IR + other sources (e.g. microwave)
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