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Introduction

Climatology of Mid-Atlantic tropical cyclones landfalls

Motivation
• TC landfalls over the MidAtlantic are very rare (Fig. 1).
When these events do occur, the
resulting consequences could be
devastating. A recent example is
Hurricane Sandy (2012).
• We have utilized Minerva
hindcasts as “extensions” of the
observational record to compile
statistics of these rare events.
• Are Mid-Atlantic TC landfalls
predictable in Minerva? Does
predictability depend on model
resolution?

Minerva

T319 (64km)
T639 (32km)
T1279 (16km)

IFS cy 38r1

T319 (64km)

Landfall

All North Atlantic TCs (1980-2011)

OBS (1851-2016):
21 landfalls

LWA Index (LWAI) = -1.0*(N-LWA1 + N-LWA2 + S-LWA3),
Fig. 3.

Fig. 4.

Fig. 1. TC landfalls over the Mid-Atlantic (the
coastline is shown in red in the inset).

LWAI (SSTI) at 1-day lead is LWAI (SSTI) averaged over 1 to 3 days prior to landfall,
LWAI (SSTI) at 2-day lead is LWAI (SSTI) averaged over 2 to 4 days prior to landfall.
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All results are for the MJJASON season.
2 Probability of a landfall of one or more TCs based on the Poisson distribution. Differences
between the model and observational values are statistically insignificant.
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Figure 1. Schematics of a quasi-conservative dynamical quantity q associated with idealized midlatitude extreme
weather events. The blue shading denotes cyclonic wave activity to the south of the latitude 𝜙e , AS , and red shading
describes anticyclonic wave activity to the north, AN . Blue and red regions have equal areas such that the latitude 𝜙e is
the equivalent latitude after an area-conserving adjustment of the Q contour to a zonally symmetric state. (a) Green
arrows indicate the paths along which the eddy term q̂ ≡ q − Q is integrated for the LWA at (𝜆, 𝜙e ). (b) Orange arrows
depict the eddy fluxes producing the meridional areal displacement in the Q contour.

q – a quasi-conservative dynamic quantity;
Q – a given value of q;
φe(Q) – equivalent latitude after an area-conserving

adjustment of the Q contour to a zonally symmetric state;
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local wave amplification associated with the blocking
It follows that the total LWA can be defined as in Huang and Nakamura [2015]
episode during
Hurricane Sandy (2012).
A(𝜆, 𝜙e )≡ (q) = AS − AN ,

Fig. 7.

(7)

where (X) denotes an eddy operator for a given variable X . Hence, for the NH, A(𝜆, 𝜙e ) ≤ 0, taking the diﬀerence between the negative q̂ (blue in Figure 1) integrated over the southward flow and the integral of positive
q̂ (red) over the northward air flow, and therefore, it naturally measures the waviness of the dynamical field.
Because the blue and red regions have equal areas, the zonally averaged LWA, A(𝜆, 𝜙e ), is identical to the FAWA
[i.e., Nakamura and Solomon, 2011, equation (4)].
Since Z500 or atmospheric moisture increases with latitude in the Southern Hemisphere (SH), the sign convention would have to be adjusted accordingly in the SH. In the conservative and small-amplitude limit,
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Statistical modeling of Mid-Atlantic TC landfalls
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Summary & Conclusions
• Minerva hindcasts exhibit skill in reproducing climatological
characteristics of Mid-Atlantic TC landfalls particularly at the
highest T1279 resolution (16-km grid spacing).
• There are large-amplitude quasi-stationary features in the LWA
and SST anomaly distributions that persist up to a week leading
to these landfalling events.
• A statistical model utilizing indices based on the LWA and SST
anomalies as predictors is developed. It shows skill in predicting
Mid-Atlantic TC landfalls one day (and possibly two days) in
advance only when applied to T1279 data.
• Using the LWA Index as a metric may have potential for
assessing statistics of Mid-Atlantic TC landfalls in longer
timescale predictions including climate change projections.

