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Long-term Goals/Scientific Background

The long-term goal of this project (now in the first half of the second year of the ITOP program) is to understand
how the spatial variation of ocean and hurricane parameters, e.g., upper ocean temperature gradient, initial
mixed-layer depth, etc., contribute to hurricane-ocean interaction. With this understanding we should then be in
position to make better forecasts of hurricane-ocean interaction, and especially of hurricane intensity, by defining

a comparatively simple metric of the ocean’s state (stratification, mainly) .

The impetus of this research is the observation that hurricanes cool the sea surface temperature (SST) by up
to 2 to 5°C (Price et al., 1994; Sanford et al., 2007). This SST cooling is observed to vary temporally -
disappearing in O(10) days, the subject of the previous (CBLAST) research by this PI (Price et al., 2008) - and
spatially. The most impressive spatial variation of the cool wake seen behind moving hurricanes is that SST
cooling is significantly biassed to the right side of the hurricane track (looking in the direction of the hurricane
motion) for translation speeds less than 4 m/sec. There is almost always observed to be a substantial variation of
SST cooling in the direction parallel to a hurricane track as well. Factors that could cause this sort of along-track
variation of cooling include spatial variation in the pre-hurricane oceanic temperature (and salinity) stratification,
and of course spatial variation of the hurricane intensity and translation speed. This along-track variation has been

a focus of this project.
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Objectives

The objective of this project is a physically-based diagnostic (or *metric’) of the ocean’s role in hurricane-ocean
interaction. A form was suggested during the present year, viz, a depth-averaged temperature, T1¢g, in which
averaging is over the upper 100 m of the water column, along with a more complex version that need not be

discussed here.

Approach

The main tool for deriving a new diagnostic has been guidance form the 3DPWP numerical model (Price et al.,
1994). This model gives what appear to be realistic numerical solutions for a range of conditions, though the only
objective, quantitative tests are for the Frances (2004) CBLAST case; Sanford et al. 2007. ITOP should provide

several additional examples and even greater detail of the ocean response.

Work Completed/Results

During the past year, 2009, the possibility of an improved ocean metric was described in detail in Price (2009).
This paper argued that a depth-averaged temperature, e.g., T, should be preferrable to a depth-integrated
temperature, the present hurricane-ocean metric usually called Upper Ocean Heat Content, or OHC (Goni and
Trinanes, 2003; Lin et al., 2008). What Price (2009) did not do was show that Ty was in practice superior to
OHC as a forecast tool. There are three ways to test whether T¢q is a useful metric of hurricane-ocean

interaction.

1) Comparison with comprehensive 3-d ocean models. T is, in essence, a simplified solution for SST
cooling due to vertical mixing. As such it can be compared with solutions from a comprehensive 3-d ocean
model. This was done in Price (2009) (in the supplementary material) and generally looked good.

2) The essential aspect of T1¢g in so far as the ocean goes is the dependence of cooling upon the ocean
stratification. We can expect that ocean observations from ITOP this coming summer of 2010 will provide case
studies that will help define the cooling dependence upon stratification. We can also encourage other modellers to
share the corresponding results from other 3-d numerical ocean models.

3) The rigorous and direct test will be to find out whether T¢o will in practice give better guidance for
hurricane forecasters than does OHC. This is made complicated by the fact that no ocean metric can be expected
to explain more than a fraction of the variance of hurricane intensity (Emanuel, 2004). Nevertheless, we will push

this forward during ITOP and where any other opportunities that arise.

Impact/Applications

The new metric, To has been taken up for operational testing alongside OHC in the East Asian Sea Forecasting

System of NRL and Dr. Dong-Shan Ko. In shallow, continental shelf regions, e.g., the South China Sea, the



values of OHC are greatly decreased compared to the deep ocean, implying that coastal waters should be
unfavorable for the intensification of a hurricane. In contrast, T19o may be high over a warm shelf region, simply
because cool water will not be present in the water column and hence vertical mixing will be ineffective insofar as
cooling SST is concerned (see observations of Cornillon et al., 1987). This qualitative difference between T1¢g
and OHC stems from the qualitatively different physical premises behind these two metric.s An important goal
for my work in ITOP will be to see which of these two metrics is more reliable in conditions of shallow water and

cool water, especially.

Collaborations
During the present year I have hosted a visit by Iam-Fei Pun from Taiwan National University, who is a Ph-D
student of Prof. I-I Lin. He is quite experienced with the analysis of hurricane-ocean data sets, and plans to

participate in the ITOP project in part by testing the T;¢¢ idea.
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