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SECTION VII - Project Summary

Tropical cyclones (TCs) are extreme weather events that adversely affect coastal populations worldwide. Their frequency,
distribution, and intensities are closely linked to tropical ocean variability through atmospheric and oceanic interactions on
intra-seasonal to inter-decadal timescales. The full extent of the impact of TCs on the upper tropical ocean, and the potential for
feedbacks, remain poorly understood, due in part to our inability to resolve TC processes in both observations and Earth system
models.

Recent modeling studies show TCs can impact upper ocean heat and mixing budgets, circulation patterns, and transports. Our
preliminary results suggest strong connections may also exist between these processes and equatorial dynamics, with possible links to
tropical modes of variability (e.g. ENSO in the Pacific and the equatorial and meridional modes in the Atlantic). While TC connections
have been examined for subtropical dynamics, equatorial connections remain largely unexplored. These subtropical/tropical
interactions, and the associated feedbacks, may be important for understanding the dynamical behavior of the global oceans, and how
the behavior may change in the future.

Our goal is to investigate the impact of TCs in the tropical and subtropical global oceans with a special focus on the transient ocean
response to TC forcing. Our research plan centers around 3 questions:

1. How does transient TC-induced surface forcing affect upper ocean dynamics of the tropical and subtropical oceans?
2. What are potential feedbacks between TC activity and tropical modes of variability that can influence the dynamics of the tropical
and subtropical oceans?
3. Does the inclusion of realistic TC forcing in a state-of-the-art global ocean general circulation model improve hindcast skill?

To confront these questions, we will combine observational analyses from NASA remote sensing and CLIVAR data products with a
high-resolution global ocean model to investigate TC-ocean interactions at the surface and the dynamical implications. We will conduct
multi-decadal global hindcast model experiments and examine the sensitivity of a high-resolution ocean model to TC forcing against
control runs without TC forcing fields. The TC runs will feature global TC fields from NASA satellite-derived rain rates (e.g. TRMM)
and high-resolution wind fields (e.g. CCMP), with additional scaling from Best Track wind estimates as necessary.

Analysis and comparisons will be made on various spatial and temporal scales: from daily time scales examining local storm responses,
to interannual scales focusing on basin-wide variability and possible teleconnections with tropical modes of variability. We will
diagnose model sensitivity to TC forcing and hindcast improvement by comparison with available observational NASA and U.S.
CLIVAR in situ products. Relevant quantities include: responses in SST (e.g. GHRSST) and salinity (e.g. AQUARIUS) to TC forcing,
and the evolution of changes in ocean heat content and transport using altimetry and moorings (e.g. TOPEX/POSEIDON, Jason-1,2,
TAO, PIRATA).

This project will promote new and novel applications of pre-existing NASA satellite missions and build on the previous research that
use idealized observational and modeling techniques, which have demonstrated viable connections between TCs and upper ocean
dynamics, heat and freshwater budgets, and transports. We will provide a rigorous examination of the ocean’s dynamical response to
TC forcing on multiple spatial and temporal scales and explore possible connections and interactions with tropical modes of variability
and larger-scale ocean circulations. Because TC activity is closely linked to oscillatory climate patterns and variability, understanding
dynamical relationships between TCs and the upper ocean, and reliably capturing these processes in Earth system models, will
ultimately result in better climate predictions.
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Goes , Marlos PI 0.00 5 29,374.00 10,398.00 39,772.00

Total Key Personnel Costs 39,772.00

B. Direct Labor - Other Personnel

Number of
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Salary ($)

Fringe Benefits

($)
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D. Direct Costs - Travel

Funds Requested ($)

1. Domestic Travel (Including Canada, Mexico, and U.S. Possessions) 4,000.00

2. Foreign Travel 0.00

Total Travel Costs 4,000.00

E. Direct Costs - Participant/Trainee Support Costs

Funds Requested ($)

1. Tuition/Fees/Health Insurance 0.00

2. Stipends 0.00

3. Travel 0.00

4. Subsistence 0.00

Number of Participants/Trainees: Total Participant/Trainee Support Costs 0.00
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5. Subawards/Consortium/Contractual Costs 14,233.00

6. Equipment or Facility Rental/User Fees 0.00

7. Alterations and Renovations 0.00

Total Other Direct Costs 16,233.00

G. Total Direct Costs

Funds Requested ($)

Total Direct Costs (A+B+C+D+E+F) 65,005.00

H. Indirect Costs

Indirect Cost Rate (%) Indirect Cost Base ($) Funds Requested ($)
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Cognizant Federal Agency: DHHS, Darryl Mayes, 202/401-2808 Total Indirect Costs 32,103.00

I. Direct and Indirect Costs

Funds Requested ($)

Total Direct and Indirect Costs (G+H) 97,108.00

J. Fee

Funds Requested ($)

Fee 0.00

K. Total Cost

Funds Requested ($)

Total Cost with Fee (I+J) 97,108.00
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Requested

($)

Goes , Marlos PI 0.00 5 30,843.00 10,918.00 41,761.00

Total Key Personnel Costs 41,761.00

B. Direct Labor - Other Personnel

Number of

Personnel
Project Role Cal. Months Acad. Months Summ. Months

Requested

Salary ($)

Fringe Benefits

($)

Funds

Requested ($)

0 Total Number Other Personnel Total Other Personnel Costs 0.00

Total Direct Labor Costs (Salary, Wages, Fringe Benefits) (A+B) 41,761.00
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C. Direct Costs - Equipment

Item No. Equipment Item Description Funds Requested ($)

Total Equipment Costs 0.00

D. Direct Costs - Travel

Funds Requested ($)

1. Domestic Travel (Including Canada, Mexico, and U.S. Possessions) 4,000.00

2. Foreign Travel 0.00

Total Travel Costs 4,000.00

E. Direct Costs - Participant/Trainee Support Costs

Funds Requested ($)

1. Tuition/Fees/Health Insurance 0.00

2. Stipends 0.00

3. Travel 0.00

4. Subsistence 0.00

Number of Participants/Trainees: Total Participant/Trainee Support Costs 0.00
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2. Publication Costs 2,000.00

3. Consultant Services 0.00

4. ADP/Computer Services 0.00

5. Subawards/Consortium/Contractual Costs 121,176.00

6. Equipment or Facility Rental/User Fees 0.00

7. Alterations and Renovations 0.00

Total Other Direct Costs 123,176.00

G. Total Direct Costs
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Total Direct Costs (A+B+C+D+E+F) 168,937.00

H. Indirect Costs
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Funds Requested ($)

Fee 0.00

K. Total Cost

Funds Requested ($)

Total Cost with Fee (I+J) 200,249.00
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Total Key Personnel Costs 43,849.00
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Fringe Benefits
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1. Tuition/Fees/Health Insurance 0.00

2. Stipends 0.00

3. Travel 0.00

4. Subsistence 0.00

Number of Participants/Trainees: Total Participant/Trainee Support Costs 0.00
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1 

 

ABSTRACT 

 

 

Our goal is to investigate the impact of tropical cyclones (TCs) on the tropical and 

subtropical oceans with a special focus on the dynamic response to transient TC forcing.  Our 

research plan centers around three fundamental questions: (1) How does transient TC-induced 

surface forcing affect upper ocean dynamics of the tropical and subtropical oceans? (2) What are 

potential interactions between TC activity and tropical modes of variability that can influence 

climatic variability on inter-seasonal to decadal scales? (3) Does the inclusion of realistic TC 

forcing in a state-of-the-art global ocean general circulation model improve hindcast skill?  

 To confront these questions, we will combine observational analyses from NASA remote 

sensing and CLIVAR data products with a high-resolution global ocean model to investigate 

near-surface TC-ocean interactions, in order to examine how TCs influence upper ocean 

energy/mixing budgets and explore dynamical implications. We will diagnose the ocean 

response to TC forcings on various spatial and temporal scales: from daily time scales examining 

local storm responses, to interannual scales focusing on basin-wide variability and possible 

teleconnections with tropical modes of variability.   

The project will highlight novel utilization of various observational platforms, including: 

local and global SST (e.g. GHRSST) and salinity (e.g. AQUARIUS) responses to TC forcing, 

and the evolution of changes in ocean heat content and transport using altimetry and moorings 

(e.g. TOPEX/POSEIDON, Jason-1,2, TAO, PIRATA).  In addition, the modeling component 

will feature analyzed TC fields of NASA satellite-derived rain rates (e.g. TRMM) and high-

resolution wind fields (e.g. CCMP).  We will compare and contrast analyzed fields of TC-

impacts with the modeled responses using well-studied and validated techniques.  The end result 

will be a better mechanistic understanding of how TCs contribute to upper-ocean dynamics and 

variability, with implications for improving inter-seasonal to inter-decadal climate predictability. 
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1. Background 

1.1 Tropical Cyclones as Ocean Mixers  

Ocean mixing is an important physical process for the maintenance of the large-scale ocean 

transports of volume and heat (Stommel, 1961; Munk and Wunsch, 1998, Talley, 2003; Wunsch 

and Ferrari, 2004), and biogeochemical cycles (Sabine et al., 2004, Doney et al., 2004).  The 

current generation of climate models lacks a realistic representation of oceanic mixing due to the 

inability of models to resolve mechanistic processes responsible for the mixing. Due to its non-

linear characteristic, uncertainty in diffusivity parameters can lead to considerably divergent 

climate hindcasts, projections, and mechanistic interpretations (Forest et al., 2002, Goes et al., 

2010, Olson et al., 2012).  Transient wind forcing and weather events, such as tropical cyclones, 

have been shown to increase microstructure mixing estimates by an order of magnitude (Oakey 

et al., 2004), with potential to impact global mixing budgets (Sriver and Huber, 2007; Sriver et 

al., 2008).  

The tropical oceans maintain strong stratification in the upper regions, and model simulations 

show low latitude diapycnal mixing is important in maintaining the ocean heat transport (OHT) 

(Scott and Marotzke, 2003).  Furthermore, modeling results suggest transient mixing localized in 

space and time may influence large-scale circulation patterns (Boos et al., 2004).  Tropical 

cyclones are transient events, but their high wind speeds, coupled with the high fraction of wind 

energy that results in turbulent mixing, make them efficient upper ocean mixers (Leipper, 1967; 

Chang and Anthes, 1978; D’Asaro, 2001), as is observed by the cold wakes associated with these 

storms (See Figure 1).  The frequency, intensity, and distribution of TCs may be directly linked 

to the mean climate state by the potential relationship between TC activity and sea surface 

temperatures (SST) (Emanuel, 2005; Trenberth, 2005; Webster et al., 2005; Sriver and Huber, 

2006), the El Niño-Southern Oscillation (ENSO) (Chan, 1985), and widespread changes in 

vertical wind shear (Vecchi and Soden, 2007b).  Thus, they may provide a climate-sensitive 

source of ocean mixing that is not captured in the state-of-the-art climate models (e.g. IPCC 

FAR; Meehl et al, 2007). 

Modeling (Bender and Ginis, 1993; Wada, 2005) and observational (Black and Dickey, 

2008; Huang et al., 2009) studies have sought to constrain the importance of the mechanisms 

responsible for TC-induced cooling of the upper ocean.  TCs cool the upper ocean through 

multiple mechanisms such as geostrophic and near-inertial advection, surface fluxes, and 

entrainment across the base of the mixed layer (Dickey et al., 1998; Jacob et al., 2000).  Research 

has shown the dominant factor for TC-induced upper-ocean cooling is entrainment at the base of 

the mixed layer caused by the excitation of the near-inertial wave field (Shay et al., 1992; Shay 

et al., 1998; Jacob et al., 2000; Black and Dickey, 2008).  Shear between the inertial currents and 

the background velocity within the thermocline induces vertical velocities, which propagate 

wave energy to significant depths and small scales necessary for diapycnal mixing.  An 

additional important component of the vertical redistribution of seawater is Ekman pumping 

(upwelling), or the geostrophic response to cyclonic wind forcing.  The relative contribution of 

the inertial versus the geostrophic response to the vertical mixing budget depends on multiple 

factors, including TC size, intensity, and translation speed (Mei et al., 2012).  For example, a 

slow-moving large storm will likely lead to more upwelling via Ekman pumping compared to a 

fast-moving small storm, which will likely yield a larger inertial wave response.  In this instance, 

the former storm has a larger aspect ratio, thus enabling more geostrophic response compared to 
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the fast moving small storm (Ginis, 2002).  However, the ocean response depends on the 

background regional and seasonal conditions. 

Transient ocean response to tropical cyclones

Figure 1: (A) (Adapted from Done et al., 2009).  Sea surface temperature anomaly (in deg C) 

following Hurricane Gert, 1999.  The figure highlights the impact of a single tropical cyclone 

on the upper ocean.  Mixing area is equivalent in size to the US eastern seaboard, and surface 

cooling reflects upwelling depths of more than 100 meters. (B) Aquarius salinity (contour) and 

the tropical storm Lee track (Sep 2011) in the Gulf of Mexico. (C) Satellite image of storm Lee.

A. B.

C.

 

 

The extent of TC-induced mixing is apparent in the depressed SST occurring in the wakes of 

the storms (Price, 1981) and in phytoplankton blooms observed after storm passage (Lin et al., 

2003; Babin et al., 2005).  Observed phytoplankton blooms indicate upwelling from within the 

euphotic zone (Lin et al., 2003) (50 - 150 meters), and mixing-induced temperature anomalies 

may penetrate to depths of 100-200 meters (Price et al., 1994) and even up to 300-400 meters 

(Ginis, 2002).  Interestingly, ocean-atmosphere surface fluxes account for approximately 10 to 

20% of the overall upper ocean cooling (Jacob et al., 2000; Ginis, 2002), while the inertial and 

geostrophic ocean responses are the main factors.  Therefore, though it is true that TCs extract 

heat from the upper ocean to warm the atmosphere through latent heating, the contribution of this 

cooling on the upper ocean heat content is small in terms of the total heat budgets.  In addition, 

recent satellite observations of sea surface salinity also show a measurable imprint of TC rainfall 

over the ocean surface (Figure 1b).  Increased salinity stratification and stability of the mixed 

layer has the potential to reduce the efficiency of the TC mixing and consequently the ocean 

surface cooling (Balanguru et al., 2012). Even though both the thermal and haline structures of 

the mixed layer affect the mixed layer heat budget (Maes et al., 2002, Foltz and McPhaden, 

2009), the salinity effect has not generally been taken into account in previous studies. 

1.2 Equilibrium Ocean Response to Tropical Cyclones and Climate Impacts 

TC-induced upwelling cools and deepens the mixed layer, thus depressing SSTs and 

decreasing the mixed layer heat content, as observed via altimeter-derived surface height 

anomalies (Shay et al., 2000). This near-surface cooling is accompanied by downward pumping 
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of heat into the upper-thermocline (Huang et al., 2009).  SSTs are usually restored to 

climatologically normal values on the timescale of days to weeks through surface fluxes and 

seasonal thermocline adjustment, leaving a pronounced warm anomaly beneath the mixed layer 

(Price et al., 1994; Zedler et al., 2002).  

B

Figure 2. (Adapted From Sriver and Huber, 2007).  A. Annual surface temperature anomalies by 

tropical cyclone mixing. The panel to the right represents the zonal average of surface flux required 

to restore surface anomalies to pre-storm conditions, assuming anomaly depth of 30 m.   

B. Estimated annual mixing by tropical cyclones represented as a vertical diffusivity. The panel to 

the right shows the zonal average of the diffusivity. These diffusivity values are consistent with 

typical background diffusivities parameterized in climate models.

A

Global effects of tropical cyclones on the upper ocean

 

It has been hypothesized that this process of storm-induced cooling and post-storm warming 

within the upper ocean represents a net column-integrated heating in the regions affected by the 

storms, which must be balanced by the equivalent amount of heat transferred poleward on time 

scales long enough such that the total heat content anomalies are assumed to be zero (Emanuel, 

2001).  In this steady state scenario, TCs—although transient—may be critically important for 

driving the meridional overturning circulation and ocean heat transport.  Using a simple 

model/data approach, Emanuel (2001) concluded that TC-induced mixing may be responsible for 

about 1.4 PetaWatts (PW) of global annual OHT, which would explain the majority of peak 

observed OHT in the subtropics. 

Several studies have refined this estimate using observation-based analysis.  Results using 

reanalysis (Sriver and Huber, 2007) and satellite (Sriver et al., 2008) estimates of sea surface 

temperature suggest that heat pumping by TCs is more likely on the order of ~0.3 to 0.5 PW.  

Subsequent analysis that also accounted for seasonal variations in thermocline depth is consistent 

with these lower estimates (Jansen et al., 2010). The interesting picture of the annual 

contribution of TCs to tropical ocean mixing budgets (see Figure 2), which emerged from the 

results of Sriver and Huber (2007), indicate that these events significantly cool the upper ocean 

and are major sources of mixing on a global scale.  The mixing patterns exhibit large spatial 

variability that is not captured in modeled representations of parameterized mixing budgets.  

Furthermore, mixing by TCs is on the same order of magnitude as background mixing parameter 

applied in climate models, suggesting that TCs may be at least partially responsible for the 

missing mixing in current state-of-the-art climate models.  
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Figure 3. (Adapted from Sriver et al., 

2010) Effect of tropical cyclones on 

near-surface ocean temperature in an 

ocean general circulation model. The 

model's background vertical diffusivity 

scheme has been adjusted to include 

an idealized representation of mixing 

by tropical cyclones.  Spatial variability 

in the mixing is a key factor in the 

modeled response.

 

These preliminary large-scale observational studies were limited by the inability to observe 

the processes beneath the surface on a global scale.  Thus, any impacts of TCs on subsurface 

circulation, heat transport, and other dynamical features could only be inferred.  In other words, 

the fate of the converged ocean heat after being pumped beneath the mixed layer was still 

unclear.  Recently, several idealized modeling studies have sought to answer these questions, by 

attempting to simulate the effects of TCs on the ocean using idealized techniques that do not 

resolve the complexity of these events.  Notably, Korty et al., (2008) include an interactive 

mixing parameterization into an intermediate complexity model based on TC maximum potential 

intensity, and they find TCs enhance poleward ocean heat transport in equilibrated climate 

conditions under increased atmospheric CO2 levels. Mixing from TCs may therefore explain past 

warm climate periods with weaker equator-to-pole temperature gradients by maintaining large 

ocean heat transport, and thus buffering the tropics to warming while increasing temperatures at 

high latitudes.  Other studies examined the time evolution of tropical heat anomalies associated 

with mixed layer deepening (Pasquero and Emanuel, 2008) and the impact of increased 

precipitation during storm events on poleward freshwater transport (Hu and Meehl, 2009).  Both 

studies found a diminished role of tropical cyclones for poleward heat transport either through 

anomalous tropical heat convergence (Pasquero and Emanuel, 2008) or partial compensation by 

poleward freshwater fluxes associated with enhanced precipitation during TC events (Hu and 

Meehl, 2009).  Conversely, findings from an idealized coupled modeling study show that TC 

mixing can substantially contribute to poleward heat fluxes (Liu et al., 2009).  The contrasting 

nature of these preliminary findings and interpretations points to the underlying complexity of 

the problem. Subsequent studies incorporating more realistic representations of TC mixing based 

on observed climatologies (Figure 2) into Earth system models (e.g., Sriver et al., 2010; Sriver 

and Huber, 2010) indicate that TC mixing may significantly influence the thermal structure of 

the upper ocean, with important consequences on surface energy budgets in the tropics (Figure 

3).  Interestingly, the modeled response is extremely sensitive to the spatial and temporal 

variability in the mixing, consistent with independent modeling studies (Scoccimarro et al. 2011; 

Manucharyan et al., 2011). 

The importance of spatial variability is highlighted in the tropical Pacific (Figure 3). TC-

induced mixing in the western Pacific injects warm water into the return branch of the 

subtropical overturning cell, which feeds this anomalously warm water into the equatorial 

undercurrent where it is upwelled in the eastern equatorial Pacific.  The end result, in steady-

state conditions, is an anomalously warm eastern equatorial cold tongue, similar to a permanent 

El Niño-like temperature pattern, though the physical mechanisms at play are fundamentally 
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different from those involved in ENSO dynamics (e.g., Wyrtki, 1975; Battisti and Hirst, 1989).  

Independent research using more idealized representations of TC mixing supports the importance 

of mixing in the subtropical latitudes for determining thermal structure of the upper equatorial 

ocean (Jansen and Ferrari, 2009; Fedorov et al., 2010).  Thus, variability in these mixing 

patterns, associated with changes in TC frequency, intensity and regional distributions, can 

impact surface energy and mixing budgets in the tropics.  It is not yet clear on what timescales 

these changes are important, as these preliminary studies do not examine temporal variability 

(e.g. interannual) in the mixing. 

1.3 Tropical Variability and Transient Ocean Response to Tropical Cyclones 

1.3.1 Tropical Pacific Variability 

The El Niño Southern Oscillation (ENSO) is a strong feature in the Equatorial Pacific 

(Neelin et al., 1998). Changes in tropical convection associated with ENSO influence the 

atmospheric circulation globally (e.g., Alexander et al., 2002 and references therein). An ENSO 

observing system in the Pacific Ocean (TOGA) comprises in large extent the TAO array of 

moored buoys and satellite altimetry (McPhaden, 1999). El Niños have been associated with the 

buildup of heat in the western Pacific a few months before the event, and strong intraseasonal 

SST, westerly wind anomalies and east-west slope of the equatorial thermocline nearly in phase 

with El Niño events (Wyrtki, 1975; Meinen and McPhaden, 2000; Kessler and McPhaden, 1995; 

Luther et al., 1983; Verbickas, 1998). These wind anomalies have been associated with Madden-

Julian Oscillations and TCs (McPhaden, 1999). The relationship of TC genesis and ENSO is 

variable with time, and strong in some periods (Camargo and Sobel, 2005), what suggests that 

there is predictability between the two mechanisms (Lander, 1994). 

A. B.

Modeled (A) and observed (B) tropical ocean waves excited by tropical cyclones

Figure 4. A.  Time-latitude plot of modeled equatorial Kelvin and Yanai waves in the equatorial 

Pacific.  The waves were excited by tropical cyclone wind forcing and correspond to 3 real 

near-simultaneous events occurring in May 2003.  Yellow lines denote the model’s internal 

Kelvin wave phase/group speed (dashed), and Yanai wave group speed for the 1st baroclinic

mode (solid). B. Observed passage of a Kelvin wave by the TAO buoy array in the equatorial 

Pacific. The timing and characteristics of the observed wave event are consistent with the 

simulated wave.  Figure 4 provides evidence that TCs are capable of influencing the equatorial 

wave guide, which are well-represented in the CCSM ocean model (A) and observations (B).
 



7 

 

 Other observational (Keen, 1982; Nitta, 1989) and modeling (Sriver and Huber, 2010; Sriver 

et al., 2010) studies have hypothesized that TCs may be important for triggering the onset of El 

Niño events through generation of equatorial Kelvin waves. Our preliminary results (Figure 4) 

show how TC winds can influence the equatorial wave guide in and Earth system model 

(CCSM3) through generation of Kelvin and Yanai waves in the Pacific basin, which are also 

recorded by the Tropical Atmosphere Ocean (TAO) buoy array. These preliminary model results 

point to potentially strong connections between interseasonal to interdecadal climate variability 

and changes in spatial and temporal distributions of TCs, through linkages to tropical Pacific 

modes of variability. 

 

1.3.2 Tropical Atlantic Variability 

The Tropical Atlantic is characterized by two main modes of coupled ocean-atmosphere 

variability: the Equatorial Mode, which is similar to the Pacific El-Niño (Zebiak, 1993), and the 

Atlantic Meridional Mode (AMM)(Servain et al., 1999; Xie and Carton, 2004). The equatorial 

mode mechanism is known to be similar to its Pacific counterpart, but the width of the Atlantic 

basin restricts the formation of an equatorial warm pool, thus SST anomalies in the eastern 

equatorial Atlantic are smaller (Zebiak, 1993). The equatorial mode is strongly tied to the ocean 

dynamics, in that reduced southeasterly trade winds decrease the equatorial thermocline tilt, and 

therefore the equatorial upwelling through ocean dynamic mechanisms (Goes and Wainer, 2003; 

Hormann et al., 2008). The AMM is characterized by an anomalous interhemispheric SST 

gradient, which displaces the Intertropical Convergence Zone (ITCZ) towards the warm 

hemisphere. It is mainly generated by the WES feedback, which is the thermodynamic air-sea 

feedback among surface Wind speed, Evaporation, and SST (Chang et al., 1997; Xie 1999), but 

there is also indication that off-equatorial heat content anomalies are forced by the changes in the 

wind stress curl associated to the AMM (Huang and Shukla, 1997; Doi at al., 2010). 
Figure 5: Observed sea level 
anomalies (shaded) during Dec 
2008–Oct 2009 averaged 
between (a) 2°N–5°N and (b) 
2°S–2°N. Contours in (a) are 
Ekman pumping velocity in m 
day−1, with positive values 
indicating upward velocity, 
calculated at a depth of 20 m by 
assuming a linear momentum 
balance as done by Lagerloef et 
al. [1999]. (b) Contours are zonal 
wind stress in 10^−2 N m^−2. (c 
and d) Same as (a) and (b) 
except sea level anomalies are 
from the linear wave model. The 
longitude axes in (a) and (c) have 
been reversed to show reflection 
at the western boundary. 
Dashed white lines represent 
propagation speeds of observed 
negative sea level anomalies.

 

Some studies suggest that ocean heat content changes can propagate equatorward into the 

equatorial waveguide and trigger the equatorial mode (Huang et al., 1995; Huang and Shukla, 

1997). However, the impact of heat content anomalies on the TAV is still an open question. 
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Some studies also find that the two Tropical Atlantic modes are not independent (e.g., Servain 

1999, 2000). Their relationship could be related to a delayed negative feedback in which Rossby 

waves generated by wind stress anomalies induced by the meridional mode are reflected at the 

western boundary, triggering the equatorial mode (Foltz and McPhaden, 2010). Wave 

mechanisms associated with the equatorial and meridional modes have been observed using 

satellite altimetry, SST and in situ measurements of thermocline depth (Figure 5). Both modes of 

variability have been suggested to be related to the TC formation. For example, the AMM is 

associated with dynamical mechanisms that cooperate with the seasonal variability of the 

hurricane activity (Vimont and Kossin, 2007). The positive phase of the AMM causes warming 

in the north Atlantic basin and therefore more TC activity. Related wave mechanisms can trigger 

the equatorial mode (Zhu et al., 2012).  

1.3.3 Transient Response to TCs in the Tropics 

Climate models show a strong equatorial response to the turbulent mixing caused by 

hurricanes (Sriver et al., 2010). However, past studies are inconclusive about the ocean 

mechanisms that govern the advection of heat anomalies in the tropics, and the importance of a 

dynamical ocean response on intra-seasonal to annual timescales is unclear. The TC influence on 

the tropical variability is likely to be triggered by oceanic waves, but there is also a pathway 

through the shallow subtropical cells. As discussed in Section 1.2, several studies show 

consistent effects of TC mixing on the subtropical-tropical regions: equatorial warming and 

deepening of the thermocline, cooling of the subtropical bands, and strengthening of the shallow 

overturning circulation (STC) in the ocean and Hadley circulation in the atmosphere. Other 

effects such as the Ekman response to cyclonic winds (Manucharyan et al., 2011) and the 

dynamical links between the subtropical and global (AMOC) overturnings and equatorial 

currents are still to be investigated. 

In this context, the western boundary currents are of extreme importance. They form the 

main link between the equator, tropics and subtropics, and concentrate a large part of the STCs 

and the upper branch of the AMOC flow (Fratantoni et al., 2000, Zhang et al., 2003, Goes et al., 

2005). Major western boundaries such as the Kuroshio and Gulf Stream are also likely to play an 

important role in TC intensification when tracks cross these warm currents (Bright et al., 2002), 

and for carrying heat anomalies from the tropics poleward during TC events (Sriver and  

Huber,2010). As part of this work, we will investigate how a passage of a TC could affect the 

dynamics of the Kuroshio and Gulf Stream in a seasonal to annual basis, which might impact the 

northward heat transport and weather in the northern latitudes. 

Temporal changes in the mixed layer can alter subduction rates and produce anomalies in the 

subtropical cells (Valdivieso da Costa et al., 2005). Tropical cyclones bring a large cooling effect 

into the mixed layer, mostly through entrainment (Bender et al., 1993), a warming in the layer 

below, with an overall deepening of the thermocline through strong mixing. Air-sea fluxes 

restore the stratification of the mixed layer after the passage of the TC (Price et al., 2008), 

promoting the uplift of the thermocline. The heat stored below the thermocline will likely follow 

a path in the subtropical cells around the subtropical gyre and toward the equator, into the 

equatorial upwelling region (Schott et al 2004; Liu and McCreary 2002). Subduction processes 

are strongly tied to the winter season, when the mixed layer is deeper (Stommel, 1979; Williams 

et al., 1995). Mixing induced by tropical cyclones can produce a second seasonal peak of 

effective detrainment, and change the seasonality of the subduction rates (Liu et al., 2011). The 
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deepening of the mixed layer in the following winter can bring back the warm anomalies caused 

by TCs to the mixed layer, and release them back to the atmosphere (Jansen et al., 2010). In the 

outcropping regions of the mixed layer, Ekman pumping and lateral advection through a tilted 

mixed layer are the main players to originate subduction in the subtropics. In the tropical and 

subtropical regions, the Ekman pumping component most likely dominates subduction processes 

away from the boundaries (Goes et al., 2008). So far, the Ekman response to a TC vortex has 

been mostly ignored (Liu et al., 2011). Accounting for this component could potentially increase 

the effect of TC on the subtropical cells, and on the upwelling zones along the equatorial and 

eastern basins. 

2. Project Objectives 

Our goal is to investigate the impact of TCs on the tropical and subtropical global oceans 

with a special focus on the transient (intraseasonal to decadal) ocean response to TC forcing.  

Our research plan centers around 3 questions: 

1. How does transient TC-induced surface forcing affect upper ocean dynamics of the 

tropical and subtropical oceans?    

2. What are the interactions between TC activity and the tropical modes of variability that 

can influence climatic variability on inter-seasonal to decadal scales?  

3. Does the inclusion of realistic TC forcing in a state-of-the-art global ocean general 

circulation model improve hindcast skill?  

To confront these questions, we will combine observational analyses from NASA remote 

sensing and CLIVAR data products with decadal-scale hindcast simulations using a high-

resolution global ocean model, the ocean component of the Community Earth System Model v1 

(CESM). We hypothesize that TCs are important contributors to the dynamics of the tropical and 

subtropical oceans, with implications for climate variability on inter-seasonal to inter-decadal 

time scales.  To address the three questions above, we propose to: (i) examine the upper oceanic 

response to tropical cyclones on multiple spatial and temporal scales using observed fields from 

NASA and CLIVAR products, (ii) diagnose the capability of a state-of-the-art ocean general 

circulation model to simulate the observed responses, and (iii) synthesize the 

model/observational findings to examine the importance of TCs within the climate system and 

explore implications for improving predictability on inter-seasonal to inter-decadal time scales. 

3.  Research Plan 

3.1 Overview 

The proposed work will highlight novel syntheses of NASA/CLIVAR data products with an 

ocean general circulation model to examine how tropical cyclones contribute to dynamic 

variability of the global tropical and subtropical oceans on inter-seasonal to inter-decadal time 

scales.  The fundamental goal of these analyses is to build a better understanding of how the 

cumulative effects of transient, yet extreme, events like tropical cyclones can affect climate 

variability, ultimately leading to improved predictability of climate variability on decision-

relevant timescales. 

The project will rely heavily on novel use of NASA remote sensing and CLIVAR in situ data 

products to: (1) develop improved data sets of TC surface fields (such as winds and 
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precipitation) to be blended into surface input data sets used to force ocean general circulation 

model hindcasts (using the ocean component of CESM); (2) create new global climatologies of 

the oceanic response to TCs (such as surface temperature, salinity, and ocean heat content 

anomalies), which could have important climate implications via redistribution of upper ocean 

properties, freshwater forcing, and equatorial wave dynamics; and (3) diagnose the sensitivity of 

the ocean model to the inclusion of TC forcing fields on multiple spatial (local to global) and 

temporal (daily to interdecadal) scales.   

While each of these components will provide important insight into general connections 

between the effects of tropical cyclones (winds and freshwater forcing) and the response of the 

upper ocean, the combination of these three components will enable a deeper understanding of 

the overall contribution of TCs to variability of Earth’s climate system through exploration of 

non-local effects and possible oceanic teleconnections (such as equatorial wave excitation shown 

in Figure 4).  The connections between TC-induced tropical and subtropical responses have yet 

to be explored, though previous observational analyses have pointed to important connections for 

explaining the main modes of variability, such as ENSO, and preliminary model results using 

CCSM3 provides strong mechanistic support for those early observational findings.  

3.2 Observational exploration of oceanic TC impacts 

The proposed research will rely strongly on in situ and remotely sensed data analysis in the 

tropical oceans. The data will be used to support and validate the model findings, and to infer 

observed physical properties of the ocean. We will examine the interactions between TCs and 

ENSO in the Pacific and the zonal and AMM modes in the Atlantic through analysis of wave 

mechanisms, mixed layer budgets and upper ocean heat anomalies, barrier layer formation, 

subtropical cells and western boundary currents variability. The main data products we will use 

are: 

i) Rainfall: The Tropical Rainfall Measuring Mission (TRMM) Multisatellite Precipitation 

Analysis (TMPA) is available at (http://mirador.gfsc.nasa.gov) in different temporal resolutions 

(3-hourly, daily, monthly) since 1998 and at 0.25 degree horizontal resolution (Huffman et al., 

2007).  

ii) Satellite altimetry: Satellite altimetry provides optimally interpolated, cross-calibrated 

global coverage of the sea level anomaly (SLA). Here we use the Archiving, Validation, and 

Interpretation of Satellite Oceanographic Data (AVISO) delayed mode product 

(http://www.aviso.oceanobs.com), which consists of gridded weekly SLA relative to the 1993-

1999 period mean, obtained from a multi-satellite mission (Le Traon et al., 1998), available 

continuously since October 1992, on a 1/3° horizontal grid. 

iii) Winds: The pseudo-wind stress data are obtained from the cross-calibrated, multi-

platform (CCMP), multi-instrument ocean surface wind velocity data set. This product combines 

data derived from SSM/I, AMSRE, TRMM TMI, Quikscat, and other missions using a 

variational analysis method to produce a consistent record of global ocean surface vector winds 

at a 25 km resolution and is available since July 1987 (Atlas et al., 2011). Best Track data 

(IBTrACS) merges best track and maximum wind speed data of tropical cyclones from 

individual agencies in one worldwide database, and is distributed at www.ncdc.noaa.gov. The 

latest version of the data comprises storms from 1842 -2011. We are interested in the best track 

data after 1950, which discards known data mismatches before that period. 



11 

 

iv) Sea surface Temperature (SST) and Salinity (SSS): Satellite SST data from the multi-

agency GHRSST project (www.ghrsst.org) are available in daily composites This product exploit 

the synergy from using SST derived from in situ, satellite microwave, and satellite infrared 

sensors, daily and in a high resolution (≤25 km) format (Donlon et al., 2007), and is available 

since 1981 in different resolutions. Satellite SSS data from Aquarius are now available for 

evaluation and validation. SSS has a resolution of 1° x 1° with daily images starting in 2011. 

v) In situ data: As part of CLIVAR, TAO (McPhaden 1995) and PIRATA (Bourlés et al., 

2008) moored arrays provide a high temporal resolution velocity, temperature and surface fluxes 

data in the equatorial Pacific and Atlantic basins. These data have been used successfully as 

validation for satellite measurements and models, and to study wave mechanisms in the 

equatorial area.  

3.2.1 Observed Mechanistic Exploration of Oceanic Response to Tropical Cyclone Forcing  

As part of our main goal, the observational analysis will focus on understanding  

relationships between TCs and El Niño and the Atlantic zonal mode, and related tropical-

subtropical interactions. The cold wakes left after the TC will be monitored using SST data from 

the GRHSST dataset. After the SST recovery following the TC passage, the buildup of heat in 

the western basins will be investigated using weekly merged satellite altimetry data. A regression 

between satellite altimetry combined with historical temperature profile relationships and SST 

will give an estimation of the global upper-ocean heat content anomalies, i.e., the tropical 

cyclone heat potential (TCHP), using a 2-layer reduced gravity scheme (Goni et al., 1996). With 

this methodology, the local Ekman pumping (entrainment) into the mixed layer will be estimated 

from the vertical displacement of the synthetically-derived 20°C isotherm from before and after 

the passage of a storm (Shay et al., 2000).  Using this information, mixing can then be estimated 

using a 1D mixing-advection balance, similar to what has been applied in previous studies (e.g., 

Sriver and Huber, 2007; Korty et al., 2008; Pasquero and Emmanuel, 2008), but also accounting 

for entrainment directly. 

The statistical relationship for TCHP does not take into account salinity variations. As we 

stated in the introduction, TC-induced freshwater fluxes influence the mixed layer both locally 

and globally. Locally, the freshwater input by TCs can have a large impact on the stability of the 

mixed layer and in the formation of barrier layers, especially in the western basins. The barrier 

layers in the tropical oceans, which are regions where the bottom of the mixed layer is shifted 

with respect to the bottom of the isothermal layer, inhibits the entrainment of cold water from 

below into the mixed layer, and therefore can prevent TC heat pumping into the thermocline 

(Maes et al., 2005; Foltz and McPhaden 2009). We will test the ability of data from the novel 

NASA satellite mission Aquarius to diagnose how TC-induced freshwater fluxes and the 

climatological background salinity stratification affect vertical mixing and entrainment. This will 

be an update for the current TCHP methodology of Goni et al. (1996) by including SSS as an 

additional constraint in the regression. To aid in this analysis, locations and seasonality of ocean 

barrier layers in the TC affected regions will be retrieved from the global Argo data. The global 

Argo array has recently been proven to be a useful tool for the study of effects of TCs in the 

upper ocean (Park et al., 2011). 

To examine how TCs impact the equatorial regions, we will use three techniques: (1) Heat 

content anomalies will be tracked from the TC affected region, tracking anomalies of the 

http://www.ghrsst.org/
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thermocline depth in time and space; (2) Correlations between equatorial SST anomalies and TC 

events will be assessed to investigate causal relationships (with TC leading) between these 

processes. We will also examine annual composites of the events which the time lag between the 

TC and equatorial SSTs converge to the wave speed mechanisms in a given region. The 

background ocean state previous to the storm will provide information on the triggering 

mechanisms for ENSO, and in the Atlantic the AMM relationship with the equatorial mode; (3) 

High resolution timeseries of CLIVAR in situ data, the TAO and PIRATA moorings in the 

tropical Pacific and Atlantic, respectively, will provide information on the impact of the TC 

anomalies in the equatorial regions, in terms of heat content and velocity anomalies. Wave 

propagation speeds will be retrieved and compared to the linear wave theory. Several studies 

have shown, for example, that the TAO array (e.g., Kessler and McPhaden, 1995; Yu and 

McPhaden, 1999) and satellite altimetry (Chelton and Schlax, 1996; Boulanger and Fu, 1996) are 

able to capture propagation of equatorial waves. 

The effects of the wave mechanisms in the equatorial region will be contrasted with the 

subtropical cells variability, which is the mechanism described to be responsible for the 

equilibrium El Niño response to TCs in several modeling studies (e.g., Fedorov et al., 2010, 

Sriver et al., 2010). An analysis of the subduction of warm anomalies across the mixed layer and 

subsequent pathway along the subtropical cells will be performed. We will investigate the 

seasonal to decadal variability of subduction processes and heat uptake related to TCs, and the 

effect of these anomalies in the equatorial regions. Seasonality and reentrainment of heat 

anomalies into the mixed layer in the following winter, which is the time of maximum deepening 

(Jansen et al., 2010), will be taken into account. Additionally in this calculation, we will take into 

account interannual variability of the mixed layer depth using, for example, mixed layer 

estimates from the TCHP method, which was not included in Jansen et al. (2010). 

Complementary to these observational analyses, we will produce a new wind dataset (see 

next section) that will include transient TC features.  Since observations have known problems of 

lack of temporal and spatial resolution, this new wind product will be used to perform model 

hindcast runs, which will be analyzed and compared with the observations.  

3.3 Model Experiments 

The PI Sriver has recently conducted exploratory research into the equilibrium and transient 

response of the ocean to TC surface wind forcing using the low resolution CCSM3 (Collins et 

al., 2006) ocean component model (Smith and Gent, 2004; Danabasoglu et al., 2006), based on 

the Parallel Ocean Program (POP v 1.4.3) (Smith et al., 1992).  Results indicated transient 

surface wind forcing by TCs significantly affect upper ocean mixing budgets, subtropical 

circulations, energetics of the equatorial ocean, and even ENSO dynamics (Sriver and Huber, 

2010; Sriver, 2011).  While promising, these findings represent only the first step in 

understanding the influence of TCs on the upper ocean and the potential for atmosphere-ocean 

feedbacks.  Limitations included: (i) use of the coarse resolution (nominal 3 degree grid) ocean 

model, (ii) highly idealized forcing input and TC winds, and (iii) a small sample of years from 

which TCs were drawn.   

Building on these previous results, we propose to use the higher resolution, and most recent 

version, of the ocean component of the Community Earth System Model (CESM), which is 

based on the Parallel Ocean Program version 2 (POP2) (Danabasoglu et al., 2011). In 
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comparison to previous versions of the model, this state-of-art version produces a more realistic 

El-Niño variability (Gent et al., 2012; Sriver et al, 2012a) and an improved representation of the 

Gulf Stream and meridional overturning circulation due to a new overflow parameterization. 

Additionally, changes in the mixing parameterization produce more realistic tropical instability 

waves off the equator. The meridional model resolution is 0.27° at the equator, gradually 

increasing to 0.54° at 33°N/S, and is constant at high latitudes. The zonal resolution is constant at 

1.1°, and it has 60 vertical levels. 

Our initial findings and other related studies will serve as a base to build a more sophisticated 

methodology that utilizes the new CESM ocean component in a higher resolution configuration, 

as well as an updated forcing configuration that combines global TC winds from the Best Track 

data set with the bulk forcing atmospheric state variables of Large and Yeager (2004), as part of 

the Coordinated Ocean-ice Reference Experiments (CORE; Griffies et al., 2008).  A shortcoming 

of the interannual bulk forcing data sets is that the surface wind fields are filtered to remove 

large-magnitude wind vectors as a quality control check for reducing processing errors (Milliff et 

al., 1999).  A consequence of this processing correction is the removal of extreme transient wind 

events such as TCs, albeit many wind data sources cannot preserve the extreme nature of such 

events, even for high-resolution satellite measurements (e.g. Brennan et al., 2005). Our method 

will combine the historical, interannual atmospheric fields with 2-dimensional surface TC wind 

fields from CCMP dataset (Atlas et al., 2011) for the past ~25 years.   

Preliminary analysis shows that TC wind fields from CCMP are, on average, improved 

compared to the standard CORE forcings.  However, this data product cannot reproduce the most 

intense magnitude winds, although it robustly captures the circulation dynamics.  This limitation 

is typical for satellite-based winds, for example QuikScat winds are only reliable up to 50 meters 

per second (Brennan et al., 2005), which represents wind conditions within a category 3 storm.  

To circumvent this problem, we will include maximum wind speeds from the Best Track fields 

(IBTRaCS), which offers merged best track and maximum wind speed data of tropical cyclones 

from individual agencies in one worldwide database.  When necessary, we will employ well-

studied scaling techniques to relate maximum wind speed estimates to 2-dimensional surface 

wind fields (e.g. Holland, 2008; Holland et al., 2010).  The final TC wind product will capture 

the 2-dimensional circulation of the CCMP with additional scaling from IBTRaCS.  We will 

blend this new TC wind field product into the interannual Bulk Forcing input data sets (e.g. 

COREII and/or Large and Yeager, 2004).  If we find 25 years is not a sufficiently long period to 

examine inter-annual to inter-decadal variability, we can include as an earlier portion of the 

record, idealized closed TC circulations by blending the maximum sustained wind speeds from 

the IBTRaCS data base with previously considered methodologies, such as assuming idealized 

closed circulations with Rankine vortex structure (Holland, 1980). 

We will also include TC rainfall using satellite–based information (TRMM; Huffman et al., 

2007) for available years. By definition, rain and wind stress will follow similar structures, 

axisymmetric and with maximum values at the radius of maximum winds (Robertson and Ginis, 

2002), thus we can employ these relationships to extrapolate (to first-order) TC rainfall rates 

prior to the launch of TRMM, to match the time period of the wind forcing fields.  When 

employing these techniques, special consideration will be paid towards conserving the model’s 

freshwater budget, by including a salinity restoring term in the ocean or a large scale freshwater 

compensation (Hu and Meehl, 2009). 
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We will use this new blended data set, featuring TC wind and precipitation fields, as input to 

CESM ocean-only model simulations, building on the idealized modeling framework of Sriver 

and Huber (2010). We will augment the standard input forcings with the blended TC wind and 

precipitation fields as described above, corresponding to global historic TC conditions during the 

past 50-60 years.  Control simulations (without the augmented inputs fields) will be performed to 

test the sensitivity of the model to the forcings. Additional runs featuring scaled wind/precip 

fields will be performed to diagnose and test the sensitivity of the modeled response compared to 

TC fields derived from the observational products (e.g. Rankine vortex versus rescaled CCMP).   

This methodology will enable diagnostic analysis of the model’s response to TC surface 

forcings in a realistic manner using multi-decadal inter-annual forcing that features realistic TC 

conditions corresponding to the forcing years (which was not possible in earlier efforts).  We can 

also assess any scale-dependent response between low- and high-resolution ocean model 

configurations, via comparison with previous low-resolution simulations and additional scaling 

sensitivity analysis. This methodology is well-suited for examining the potential impact of TC 

activity on observed upper-ocean dynamics and processes over the past 60 years within the 

context of ocean hindcast experiments. 

Complementing the global eddy-resolving simulations, we will apply a process oriented, 

idealized high resolution model to simulate TC-forced dynamic features in the tropical ocean. 

This will be performed with a 3 ½ layer, reduced gravity model described in Goes et al. (2009). 

The idealized model is suitable, for example, to study how the intensity, translation speed and 

fetch produced by a single idealized storm would affect the upper layer thickness and equatorial 

dynamics. 

The proposed modeling component will build on previous results by: (i) utilizing a multi-

decadal time series of global TC activity with improved representation of TC wind and 

precipitation estimates, (ii) performing hindcasts based on historical TC fields combined with 

atmospheric forcing that is directly comparable to observations (using remote sensing and in situ 

records of climate events such and El Niño), and (iii) enabling a global representation of the 

oceanic response on multiple spatial and temporal scales, thus enabling direct assessment of 

model hindcast skill by contrasting and comparing model results with the observation-based 

analyses described in section 3.2. Ultimately, these assessments will be used to explore the 

potential for important climate linkages and feedbacks that could improve predictability on inter-

seasonal, inter-annual, and inter-decadal time scales. 

4. Relevance to the NASA Announcement 

TCs are transient phenomena that affects directly coastal regions and indirectly by affecting 

modes of variability and heat storage in the ocean. An improved understanding of the TC effects 

in the ocean will consequently improve climate predictions and reduce their adverse economic 

and societal impacts. Our proposal aims to develop a better understanding of how TCs interact 

with the upper ocean on multiple temporal and spatial scales, using novel NASA/CLIVAR data 

and modeling approaches.  Fundamentally, this study will advance NASA’s goals to understand 

the ocean’s role in climate variability and prediction, by providing a better mechanistic 

understanding of how the ocean responds to TCs: from transient dynamic effects associated with 

single events to cumulative impacts and climatic interactions between interannual variability in 

TC frequencies and regional distributions, tropical modes of variability in the Pacific and 
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Atlantic basins, and coastal circulation patterns.  This study will highlight a rich collection of 

data products distributed by NASA and CLIVAR, including satellite altimetry, mooring data, 

surface wind stress, high-resolution sea surface temperature (GHRSST) and sea surface salinity 

(Aquarius).  

5. Qualifications of the Project Team 

This multi-disciplinary collaborative project combines novel utilization of state-of-the-art 

observations systems with cutting edge climate model development, to analyze the role of TC 

impacts on tropical to subtropical oceanic processes and variability on multiple spatial and 

temporal scales, ultimately leading to improved climate projections on inter-seasonal to inter-

decadal timescales.  The PIs possess extensive experience in data analysis and large-scale 

climate modeling (and data-model fusion and synthesis), as evidenced in the peer-reviewed 

literature (e.g., Sriver and Huber, 2007; Sriver et al., 2008; Goes et al., 2008; Goes at al., 2009; 

Warnaar et al, 2009; Goes et al., 2010; Sriver and Huber, 2010; Sriver et al., 2010; Irvine et al., 

2012; Woodruff et al., 2012; Olson et al., 2012; Sriver et al, In Review; Goes et al., In Review).  

The PIs have been involved in projects using NCAR’s CCSM3, collaborating with members of 

NCAR’s CESM ocean model working groups (G. Danabasoglu, S. Yeager and P. Gent).  PI 

Sriver has successfully ported/optimized the most recent version of CESM (1.0.3) to multiple 

computing platforms and architectures.  He is currently involved in several different projects 

centered on the coupled version of CESM, including examining the skill of CESM interannual 

variability in the tropical Pacific (Sriver et al., 2012a), and quantifying the effect of initial 

conditions uncertainty on predictability of trends in key climate indicators regional scales (Sriver 

et al., 2012b).  PI Goes has published several papers in ocean dynamics and has extensive 

experience in investigating subduction processes, and circulation and variability of the tropical 

Atlantic.  Both PI’s possess extensive experience analyzing NASA and CLIVAR products (see 

references earlier in section).  The PIs have been collaborating closely for more than 4 years and 

have jointly published several key papers synthesizing models and observations, such as 

developing an observation-based TC-ocean mixing parameterization (Sriver et al., 2010) and 

Bayesian data-model fusion using timeseries of ocean observations (Olson et al., 2012). 

Collaborators Goni and Foltz are recognized ocean observationalists, offering expertise in TC 

heat potential observed via satellite altimetry (Goni), and mixed layer budget analysis from TAO 

and Pirata (Foltz).  Goni and Foltz will provide their expertise and mentorship on a no-cost, since 

their interests are strongly tied to the ones from this research (e.g., Foltz is a PI of the PIRATA 

project and Goni is a PI on the Tropical Cyclone Heat Potential project and other altimetry 

related projects). They will interact with PI Goes on a daily basis for discussion of results, 

advices and data sharing.   

6. Management Plan and Data-Sharing Policy 

The project will be led by PI Goes, in close collaboration with Co-PI Sriver. Goes will lead 

the overall project management, reporting, budgeting, as well as communication and outreach.  

Goes will also lead the subprojects (see section 7) related primarily to the data processes: (1) 

assessing observation-based TC-ocean interactions and (5) data-model synthesis.  Co-PI Sriver 

will lead the subprojects related primarily to the modeling components: (3) design and perform 

CESM simulations and (4) model diagnostics and sensitivity analysis.  The PIs will collaborate 

on subproject (2) development and implementation of TC wind and precipitation fields.  Both 
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PIs will also collaborate on subproject (6) to summarize the results in form of manuscripts for 

submission to peer reviewed publications and to reach out to the Earth system modeling 

community, as well as the general public, via a project web-page.  

The PIs request a postdoctoral researcher for years 2 and 3 of the project (to be selected 

later), who will collaborate with both institutions but will work primarily with Co-PI Sriver.  

He/She will be responsible for the day-to-day operations of the modeling subprojects, which will 

be performed at the University of Illinois. We will utilize computational resources already made 

available to Co-PI Sriver as part of his startup package (dedicated time on institutional 

computing clusters and funds for an additional 8 cluster nodes featuring 12 cores per node plus 

2x hyperthreading).  At no additional cost to the project, Co-PI Sriver will incorporate part-time 

graduate student involvement during the first 1.5 years of the project, funded through research 

support as part of Cop-PI Sriver’s startup negotiations.  The student will participate in the 

development of the ocean model input data set and preliminary model testing, with additional 

coordination and mentorship from PI Goes and the requested postdoctoral researcher during year 

2.  Travel funds are budgeted to allow for the postdoctoral researcher to visit the University of 

Miami and NOAA AOML for 1-2 weeks/ year, working with PI Goes and NOAA colleagues on 

analyzing observational products and data-model syntheses.  PI Goes budgeted a personal 

computer for data storage. The PIs will coordinate project meetings at annual national 

conferences and also conduct bi-weekly project meetings via videoconference. 

We will provide the data necessary to recreate our results (e.g., model codes, input files, 

value-added data sets, and the specific model simulations results and data/model diagnostics) on 

a project web-page for at least five years after the project end.  Co-PI Sriver has been involved 

with previous efforts to document CCSM modification and setup using an editable web page 

(Wiki) intended as a learning tool for new users. This endeavor was highly successful and served 

as a valuable resource where new users could reference useful setup descriptions and techniques.  

We will use this previous experience as a tool for documenting our modeling and data analysis 

so that they are easily accessible and interpretable to the public. Data providers will be invited to 

contribute to the research effort, and we will leverage expertise from several multiple 

observationalists with strong ties to NASA, NOAA and CLIVAR programs and products. 

7. Sequence of Project Activities 

The sequence of project activities is as follows: 
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scenarios for the United States Investigator Months/yr: 6 Total Award Amount: 

$70,431 Duration: 11/11/2011 – 6/30/2012 Role in project: Co-PI Location of 

research:  Penn State  

Pending  

Ryan Sriver has no Pending Support. 
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Title: Transient response of the upper ocean to Tropical Cyclones and relationship with 

tropical modes of variability.  

Dr. Ryan Sriver  

Statement of work to be done at University of Illinois  

As discussed in section 6 of the main text, co-PI Sriver will lead all the subprojects related to the 

modeling components. This includes designing and executing the CESM simulations (subproject 3) and 

performing the model diagnostics and sensitivity analysis (subproject 4).  For these subprojects, we will 

utilize computational resources at the Univerisity of Illinois already made available to Co-PI Sriver as 

part of his startup package (dedicated time on institutional computing clusters and funds for an additional 

8 cluster nodes featuring 12 cores per node plus 2x hyperthreading). Co-PI Sriver will also contribute to 

the development of new wind and precipitation fields (subproject 2) to be implemented in the modeling 

tasks.  This subproject will be performed in coordination with PI Goes and NOAA collaborators Goni and 

Foltz.  

The requested postdoctoral research will be under the supervision of co-PI Sriver at the University of 

Illinois during project years 2 and 3.  He/She will be responsible for the day-to-day operations of the 

modeling subprojects, and he/she will contribute to the diagnostics and data-model synthesis and 

analysis. At no additional cost to the project, Co-PI Sriver will incorporate part-time graduate student 

support during the first 1.5 years of the project, funded through existing research support as part of Cop-

PI Sriver’s startup negotiations. The student will work closely with co-PI Sriver, and also the 

postdoctoral researcher during year 2, on the development of the input data sets for the modeling 

subprojects and on the preliminary model testing and sensitivity analysis.   
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UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN  

School of Earth, Society, and Environment  
173B Computing Applications Building, MC-235 605 E. Springfield Avenue Champaign, IL 61820 USA  

Phone: (217) 333-3440 Fax: (217) 244-6323  

June 25, 2012  

Bonnie Townsend Sponsored Programs University of Miami 4600 Rickenbacker Causeway Miami, 

FL 33149  

Dear Ms. Townsend:  

The University of Illinois at Urbana-Champaign is pleased to submit a proposal entitled,  

“Transient response of the upper ocean to Tropical Cyclones and relationship with tropical modes 

of variability” in support of your project of the same name with the National Aeronautics and Space 

Administration (NASA).  This proposal was prepared by Dr. Ryan Sriver in the Department of 

Atmospheric Sciences.  

For information relating to the technical portions of this project, please contact Dr. Ryan Sriver, 

University of Illinois at Urbana-Champaign, Department of Atmospheric Sciences, 105 South 

Gregory Street, Urbana, IL, 61801, (217) 333-2046.  

Negotiations concerning fiscal aspects of this project or any other official correspondence should be 

addressed to the Office of Sponsored Programs and Research Administration, 1901 South First 

Street, Suite A, 

Champaign, IL, 

61820, (217) 

333-2187.  

Sincerely,  

 

 

 

 Scott Morris  Debasish Dutta  

Associate Director of Operations    Chair, Research Board  

School of Earth, Society and Environment   
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UNIVERSITY OF MIAMI 

BUDGET JUSTIFICATION  

Principal Investigator:  Marlos Goes 

Period:  Feb 01, 2013 – Jan 31, 2015  

  

  

A. Senior Personnel  

Salary support is requested for the PI M. Goes, for 5 months each year of the project.  The 

collaborators G. Goni and G. Foltz will work on this project for two months per year at no 

additional salary cost.   

B. Fringe Benefits  

Fringe benefits are charged at a rate of 35.4% on senior salary.  Benefits include retirement, 

worker’s compensation, health, life and dental insurance, termination, and Medicare  

C. Travel  

Support of $4000/year for domestic travel throughout the course of the project is requested 

for meetings with collaborators as necessary.  This also includes travel and registration fees 

for attending an annual scientific meeting to present results. At the US GSA (www.gsa.gov) 

rate for a 5-day AGU fall meeting estimate is US$2030: 

Fixed: Airfare ($450); Land Transp. ($150); Registration ($300) 

Daily: Accommodation ($155/day=$775); Per diem ($71/day=$355) 

D. Other Direct Costs  

Publication Costs:  The budget includes $2,000 each year as the estimated cost of preparing 

and publishing project results.  

Computer Costs:  One personal computer for Marlos Goes to be used for data storage and 

analysis associated with this project is budgeted as $5000 in the first year.  

E. Indirect Costs  

The University of Miami’s negotiated IDC rate is 53.5% with DHHS. 

http://www.gsa.gov/
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UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN BUDGET JUSTIFICATION 

Principal Investigator: Ryan Sriver Period: 02/01/13-01/31/16 

A. Senior Personnel  

Salary support is requested for the PI, Ryan Sriver, for 1/2 month each year of the project.  Salaries 

are based on actual UIUC AY2012 rates and are incremented at a rate of 3.0% each year.  

B.  Other Personnel Funding is requested for one post-doc for 12 months each for Years 2 and 3 of the 

project. This salary is estimated based on similar appointments in the Department and School, and 

the rate is incremented at a rate of 3.0% each for Year 3.   

C.  Fringe Benefits Fringe benefits are charged at a rate of 45.0% on senior and the post-doc salaries.  

Benefits include retirement, worker’s compensation, health, life and dental insurance, termination, 

and Medicare  

D.  Travel Support for domestic travel throughout the course of the project is requested for meetings 

with NASA personnel and/or collaborators as necessary.  This also includes travel to attend an 

annual scientific conference to present research.  

E.  Other Direct Costs Publication Costs: The budget includes $2,000 in Years 2 and 3 as the estimated 

cost of preparing and publishing project results.  

F.  Indirect Costs Indirect costs are assessed at a rate of 58.6% of Modified Total Direct Costs (MTDC), 

the rate for which was negotiated with the Office of Naval Research, and approved on March 1, 

2012.  MTDC is direct costs less capital equipment, tuition remission, and subawards in excess of 

$25,000.  

 

 

 

 

 

 

 

 

 

 

 


