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Exploring Coral Skeletal δ18O as a Tracer of Past Tropical Cyclone Thermal Wakes 
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Abstract: 
 In this pilot project I am proposing to use coral skeletal δ18O from sequential samples milled at 
either 0.1 or 0.2mm intervals to search for evidence of tropical cyclone thermal wakes in Fiji, Tonga and 
American Samoa. Tropical cyclones generate anomalously cool thermal wakes that are ~200km wide and 
up to 5°C cooler than surrounding sea surface temperature (SST). Although the temperature anomalies in 
the wakes peak several days after the storm passes and dissipate over several weeks, certain rapidly 
growing corals should be able to record these thermal events if sampled at high enough resolution. I am 
currently targeting cyclones Kina (1993 category 2), Cora (1999 cat. 2) in Fiji and Tonga, and cyclones 
Urmil (2006 cat. 1), Vaianu (2006 cat. 1), Percy (2005 cat. 5), Nancy (2005 cat. 5) and Val (1991 cat. 4) 
in Samoa. If we can successfully document cyclone impacts then we can potentially begin the 
development of longer-term records to document past variability in cyclone frequency at different sites. 
        
Proposed Research:  
 Both the number and/or strength (total energy) of tropical cyclones is forecast to increase as the 
surface temperature of the earth warms (IPCC 2007; Emanuel, 2005). In addition to this potential trend, 
studies of tropical cyclone variability in the Atlantic based on historical data reveal large interannual and 
interdecadal swings in storm frequency that have been linked to El Niño Southern Oscillation 
(ENSO)(Pielke et al.1999), the stratospheric quasi-biennial oscillation (Emanuel, 2001) and to the a 
multidecadal oscillation in the North Atlantic (Goldenberg et al., 2001).  In the Pacific basin, less is know 
about variations in cyclone frequency over time due to more limited data. A longer-term perspective on 
tropical cyclone variability is needed to place these trends in temporal context and to determine if changes 
in cyclone frequency related to planetary warming are already underway. 
 In this pilot project, I propose to see if coral skeletal δ18O can be used to track (reconstruct) 
tropical cyclone (TC) impacts at several sites in the Pacific. TCs create thermal wakes in the surface 
ocean temperature field by generating upwelling of thermocline waters and taking heat out of the ocean 
(see Figure 1).  The temperature anomaly in the wakes is dependent on thermocline depth and storm 
strength and the temperature decrease can reach 5°C and has once been measured at 10°C (Chiang et al., 
2011).  The maximum cooling occurs immediately after the TC passes, but a cool anomaly of can last for 
~2-3 weeks and even result in a cooler than normal warm season (see Figures 1-4)(Jollien et al., 2012). 
Lloyd and Vecchi (2011) describe TC-induced cooling at the global scale for the entire microwave 
satellite period. Their study reveals that the cold wake amplitude increases monotonically with the 
cyclone intensity up to category 2 but saturates for larger TC wind forcing.  Rainfall temperature has a 
negligible influence on the cold wake. Thermal wakes are generally saltier despite the excess rain from 
the storm since the thermocline waters have higher salinity (Jourdain et al., 2012).  Thus, the “cold wake” 
is generally a ‘‘salty wake’’ because entrainment of subsurface saltier water overwhelms the dilution 
effect of rainfall.  The effects of cooler and saltier water would be predicted to have an additive effect on 
coral δ18O during and just after the passage of a TC, since cooler and higher salinity water will both 
increase skeletal δ18O.   
 It is also possible that coral δ13C measured simultaneously on the same samples will contain 
information about TC thermal wakes and upwelling. A few previous case studies have illustrated that TCs 
can cause enormous effluxes of CO2 between the ocean and atmosphere (hereafter FCO2), large enough to 
influence the annual local efflux (Lévy et al., 2012).  
 
Methodology: 
 The major focus of this research will be milling coral samples using a horizontally mounted 
micro-mill that Dr. Linsley just set up at Lamont.  The mill can drill samples at a resolution as fine as 
0.05mm.  For this work we propose to mill out sequentially continuous samples along ~6mm skeletal 




