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[1] It is known that General Circulation Models (GCMs)
have insufficient resolution to accurately simulate hurricane
near-eye structure and intensity. The increasing capabilities
of high-end computers have changed this. The mesoscale-
resolving finite-volume GCM (fvGCM) has been
experimentally deployed on the NASA Columbia
supercomputer, and its performance is evaluated in this
study by choosing hurricane Katrina as an example. In late
August 2005, Katrina underwent two stages of rapid
intensification, and became the sixth most intense
hurricane in the Atlantic. Six 5-day simulations of Katrina
at both 0.25° and 0.125° show comparable track forecasts
but the 0.125° runs provide much better intensity forecasts,
producing the center pressure with errors of only =12 hPa.
In the runs examined in this study, the 0.125° simulates
better near-eye wind distributions and a more realistic
average intensification rate. To contribute to the ongoing
research on the effects of disabling convection
parameterization (CP), we present promising results by
comparing 0.125° runs with disabled CPs against runs with
enabled CPs. Citation: Shen, B.-W., R. Atlas, O. Reale, S.-J.
Lin, J.-D. Chern, J. Chang, C. Henze, and J.-L. Li (2006),
Hurricane forecasts with a global mesoscale-resolving model:
Preliminary results with Hurricane Katrina (2005), Geophys. Res.
Lett., 33, L13813, doi:10.1029/2006GL026143.

1. Introduction

[2] Hurricane track forecasts have been steadily improved
over past decades, but the progress on intensity forecasts has
been very slow. The representation of hurricane internal
dynamics is crucial to accurately predict intensity [Marks
and Shay, 1998], and has been studied with mesoscale models
(MMs) at resolutions of 1—10 km for years [e.g., Wu et al.,
2003]. However, GCMs’ insufficient resolution undermines
intensity prediction [e.g., Henderson-Sellers, 1998].
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Although computing power in industry keeps increasing at
a rate of doubling the processor speed every 18 months, the
science community is still limited by computing power to
deploy ultra-high resolution GCMs, with the exception of
Ohfuchi et al. [2004] at the Japan Earth Simulator Center.
After the NASA Columbia supercomputer came into opera-
tion at Ames Research Center in late 2004, its superior
computing power provided unprecedented opportunities for
extremely computationally demanding tasks, thus making a
mesoscale-resolving finite-volume GCM (fvGCM) possible.
Atlas et al. [2005] presented remarkable hurricane forecasts
with the 0.25° fvGCM, which has been running experimen-
tally in realtime since 2004. More recently, Shen et al. [2006]
successfully obtained promising simulations of hurricane
tracks and mesoscale vortices (e.g., the Catalina Eddy and
Hawaiian wakes) with the 0.125° model, giving a grid
spacing of 10km in the midlatitude.

[3] Other than the computational issue, the validity of
physics parameterizations (PPs) poses another challenge of
conducting ultra-high resolution simulations. Among PPs,
convection parameterization (CP) is recognized as a crucial
limiting factor affecting hurricane forecasts in both MMs
and GCMs [e.g., Elsberry et al., 1992]. In MMs, a resolu-
tion of 4km is necessary to resolve clouds explicitly, thereby
removing the dependence of CPs. This implies that CPs
might still be needed in the 0.125° fvGCM. However, as
shown by Rosenthal [1978] that the release of latent heat
caused by convection could be explicitly resolved in a
hydrostatic hurricane model at a resolution of 10-20 km,
we are inspired to examine the impact of disabling the CPs
on hurricane forecasts with the fvGCM.

[4] In this study, we choose hurricane Katrina, which
devastated New Orleans and the surrounding Gulf Coast
region. Katrina first appeared at 2100 UTC 23 August, 2005,
moved across south Florida as a Category 1 hurricane,
intensified to Category 5 with a minimum sea level pressure
(MSLP) of 902 hPa over the Gulf of Mexico, weakened to
Category 3 at its second landfall near New Orleans at
1100 UTC 29, and then dissipated over land on August
30. It caused damages estimated as high as $200 billion, and
raised a challenge for intensity predictions with GCMs. We
use the fvGCM, either with or without CPs, to simulate
Katrina’s track and also its intensity and near-eye wind
distributions. First, we will briefly describe our model and
numerical approach, then discuss results and give conclud-
ing remarks.

2. Model and Numerical Experiments

[s] The fvGCM has three major components: 1)finite-
volume dynamics, 2)NCAR CCM3 physics, and 3)NCAR
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