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Abstract: Existing numerical weather prediction systems or Al models can output predictions of, for example, wind speed but they generally do a poor job at predicting extreme and rapidly developing
weather events, such as rapidly intensitying tropical cyclones on a 24-hour time scale. The outputted uncertainties are only calibrated on average at best, and there is a lack of diagnostic tools that
forecasters and scientists can use to validate predictive distributions. Diagnostic transport maps provide a computationally efficient method for producing interpretable local diagnostics and a mechanism
for adjusting predictive densities (PDs) so as to be consistent with observational data. This approach allows us to learn an interpretable probability-probability map from calibration data that identifies how
an initial model may be ill-estimated in the input space. Previous work has learned this map through monotonic neural networks for one-dimensional applications, which requires large amounts of training

data to perform well. Here we show how a more efticient parametric approach can identify the evolutionary modes tfor which the National Hurricane Center’s short-term (24-hour) intensity PDs are

inaccurate, and we extend the framework to encompass multiple dimensions via conditional copulas. We can use our parametric mapping to reshape the NHC's initial PD to obtain conditionally calibrated
predictive distributions for intensity and track forecasting. Not only does this method provide reliable uncertainties and interpretable results, but it also leads to improved predictive performance over the

NHC's operational forecasts.

Our methoa:

*|dentifies where in the feature space an initial
oredictive distribution is poorly estimated
*Provides a map for reshaping the PD

Hurricane Irma (2017)
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The track, prior intensity, and environmental predictors used to reshape the

predictive distribution for Hurricane Irma’s (2017) intensity at ¢ + 24 hours. As
can be see in the bottom right, the initial NHC distribution was biased
upwards, whereas the reshaped distribution achieved through diagnostic
transport maps is centered at the true value with a tighter predictive interval.
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(Left) Each point in the graph represents a particular 12-hour input sequence for a TC. We can quickly
compute a local discrepancy score that assess how well the initial distribution of intensities matches the
test data for that particular input sequence. We visualize this in the space of two of our predictors

(surface wind at time r and ¢ — 12). (Center) Diagnostic plots for test points A (good initial fit) and B (poor
initial fit.) (Right) The initial and reshaped ¢ + 24h PDs for points A and B.

Results for tropical cyclone intensity forecasting show a 20-25%
improvement in predictive performance over the NHC operational

forecasts for extremes (e.g. 24-hour rapid intensity changes
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We can extend the diagnostic transport map

methodology to work for multivariate outputs using
conditional copulas.

Tropical Storm Edouard (2020)

Best Track Location
® Reshaped Location Estimate
® OFCL Location Estimate

The NHC ¢ + 24 prediction and track cone vs. our position and cone estimates derived
from the reshaped PD for Tropical Storm Edouard (2020.) Unlike the NHC operational

forecast, our track encompasses the true position at r 4+ 24 with the stated 95%
confidence.

Initial TC track forecasting results show the greatest

improvements for tracks with errors in the tails of
the distribution.
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