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Abstract. Tropical cyclones (TCs) actively contribute to the 1 Introduction
dynamics of Earth’s coupled climate system. They influence

oceanic mixing rates, upper-ocean heat content, and air—sea

fluxes, with implications for atmosphere and ocean dynam_TropicaI cyclones (TCs) are important contributors to the dy-
ics on multiple spatial and temporal scales. Using an oceafamics of Earth’s coupled system. They regulate global at-
general circulation model with modified surface wind forc- Mospheric and oceanic heat budgets by influencing surface
ing, we explore how TC winds can excite equatorial oceanheat fluxes (Trenberth and Fasullo, 2007), altering upper-
waves in the tropical Pacific. We highlight a situation where 0C€an temperature patterns and mixing rates (Sriver and Hu-
three successive TCs in the western North Pacific regionPer, 2007; Vincent et al., 2012), and redistributing heat in
corresponding to events in 2003, excite a combination ofthe ocean (Manucharyan et al., 2011; Scoccimarro et al.,
Kelvin and Yanai waves in the equatorial Pacific. The resul-2011) and atmosphere (Sobel and Camargo, 2005) with re-
tant thermocline adjustment significantly modifies the ther-mote effects on mid-latitude weather on inter-seasonal time
mal structure of the upper equatorial Pacific and leads toscales (Hart, 2011). Because trends in TC activity are gen-
eastward zonal heat transport. Observations of upper-ocea@fally linked to basin-scale surface temperature variability
temperature by the Tropical Atmosphere Ocean (TAO) buoy(EmanueI, 2005; Sriver and Huber, 2006) and inter-basin sur-
array and sea-level height anomalies using altimetry revealace temperature differences (Vecchi et al., 2008), feedbacks
wave passage during the same time period with similar propMay exist in the coupled system. These feedbacks have been
erties to the modeled wave, although our idealized modefhown to be potentially important in maintaining past cli-
methodology disallows precise identification of the TC forc- mates with characteristics much different than present condi-
ing with the observed waves. Results indicate that directions, such as permanent Eliidr-like conditions of the early
oceanographic forcing by TCs may be important for under-Pliocene (Fedorov et al., 2010) or the unusually warm con-
standing the spectrum of equatorial ocean waves, thus reditions during the Eocene (Korty et al., 2008). However, the
motely influencing tropical mixing and surface energy bud- role of TCs in the context of anthropogenic climate change
gets. Because equatorial Kelvin waves are closely linked tdS largely unexplored.

interannual variability in the tropical Pacific, these findings From the perspective of TC implications on global ocean

also suggest TC wind forcing may influence the timing anddynamics, an early hypothesis suggested TCs may signifi-
amplitude of El Nfio events. cantly contribute to maintaining the meridional overturning

circulation and poleward heat transport through enhanced
vertical mixing in the upper ocean (Emanuel, 2001). While

recent observational studies indicate TCs are important con-
tributors to upper-ocean tropical mixing budgets (Sriver and
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Huber, 2007; Sriver et al., 2008), several modeling studiesaffect equatorial wave dynamics and possibly influence the
suggest this mixing has a relatively small effect on polewardinitiation and magnitude of El Nio events.

ocean heat transport (Hu and Meehl, 2009; Jansen and Fer-

rari, 2009; Sriver et al., 2010), unless TC forcing (e.g. sur-

face winds) is increased substantially compared to typicaR Methods

present-day values (Sriver and Huber, 2010).

Due to the distribution of TCs in space and time, alongWe use an updated version of the ocean component of the
with regional differences in background ocean conditions,Community Climate System Model (CCSM3) (Collins et al.,
these events now appear to be more closely linked to trop2006; Danabasoglu et al., 2006), which is based on the Par-
ical heat convergence via the relatively shallow subtropicalallel Ocean Program (POP v1.4.3) (Smith et al., 1992). We
overturning (Pasquero and Emanuel, 2008; Jansen and Feuse the model configuration containing 100 and 116 grid
rari, 2009; Fedorov et al., 2010; Sriver and Huber, 2010;points in the zonal and meridional directions, respectively,
Sriver et al., 2010), thus potentially linking TC activity to along with 25 vertical levels. The zonal grid spacing is con-
the dynamics of the equatorial ocean. These linkages apstant, while the meridional grid spacing is variable with in-
pear to be especially important in the Pacific basin, whichcreased resolution () near the equator. The vertical grid
exhibits relatively strong subtropical overturning and experi-is also variable, with 17 of the 25 levels comprising the up-
ences the most TC activity. Interannual variability in upper- permost 1000 m. Though we use the model’s low-resolution
ocean properties in the equatorial Pacific has major implica-configuration, coarse Arakawa B-grid ocean models (such as
tions for global climate through atmospheric teleconnectionsPOP) are capable of simulating realistic Kelvin waves (Ng
(i.e. El Niflo-Southern Oscillation). and Hsieh, 1994). The modified model includes recent im-

Previous modeling work has typically focused on climate provements, such as the mesoscale eddy flux parameteriza-
responses to TC forcings on inter-annual to millennial timetion (Ferrari et al., 2008), which properly represents fluxes in
scales. The ocean’s equatorial perturbation wave responséke surface boundary layer (Danabasoglu et al., 2008). Other
and resulting dynamical adjustment to individual TC eventsmodel features have been documented extensively, and we
is largely unknown. Past observational work has pointed torefer the reader elsewhere for a complete model description
a positive correlation between paired TC occurrences, sym{Smith and Gent, 2004).
metric about the equator, in the western Pacific and the east- Atmospheric input to the ocean model is based on the in-
ward expansion of the tropical warm pool (Keen, 1982; Nitta, terannual bulk forcing of Large and Yeager (2004). We have
1989). Strong surface wind forcing in the western Pacific, modified the atmospheric forcing (years 1994—-2000) to in-
for example due to westerly wind events associated with theclude TC wind fields for all events globally between 2000
Madden—Julian Oscillation (MJO), can excite downwelling and 2006, as defined by the Best Track data set. TC wind
equatorial Kelvin waves (McPhaden, 1999). If the Kelvin fields are derived from QuikScat satellite estimates. We per-
waves are sufficiently nonlinear, they can induce an eastwarformed multiple~ 500 yr spin-up simulations for several ide-
expansion of the tropical Pacific warm pool leading to fa- alized TC wind forcing factors, where we increased the mag-
vorable conditions for El Nio development. In addition to nitude of the TC wind fields by 1X, 2X, and 3X. In all runs,
Kelvin waves, intra-seasonal wind forcing can lead to strongwe recycle the 7-yr period atmospheric forcing fields for the
current shear near the equator, which in turn is capable of exentire 500 yr. To account for potential biases and model drift,
citing Yanai (or mixed Rossby gravity) waves. These waves,modeled results are presented as anomalies referenced to a
typically associated with tropical instabilities, induce signif- control simulation in which TC wind fields are omitted.
icant mixing of the upper equatorial ocean, and they can As described in Sriver and Huber (2010), limitations of
influence near-surface energy dissipation rates, surface hettis modeling technique include (1) lack of satellite cover-
fluxes, and temperatures in the equatorial undercurrent and @tge during TC events, (2) unreliable QuikScat wind esti-
the surface (Moum et al., 2009). Yanai waves also propagatenates above 50 m per second — thus no winds above cate-
energy vertically into the sub-thermocline ocean, and dissi-gory two, (3) smoothing of TC wind fields during interpo-
pation of these waves may be important for the formation oflation to the model grid, and (4) inadequate ocean model
the deep equatorial circulation (Ascani et al., 2010). mixing parameterizations for extreme wind forcing. Each of

Here we explore the possibility that TCs can generatethese limitations introduces a systematically low bias in TC-
equatorial Kelvin and Yanai waves using a global ocean genocean effects. Therefore, the modified model with the 1X TC
eral circulation model forced with TC winds, advancing pre- forcing underestimates the TC-induced surface cooling and
vious work examining the global equilibrium ocean responsemixed layer deepening, compared to along-track estimates
to TC wind forcing (Sriver and Huber, 2010). We highlight and global climatologies derived using surface temperature
a special case of 3 successive TCs occurring in the westerfields from reanalysis (Sriver and Huber, 2007) and satellites
North Pacific during May 2003. We frame the results in the (Sriver et al., 2008). As noted previously, to account for these
context of developing a better understanding of how TCs carbiases we systematically apply multiple scale factors to the

TC wind fields. The 2X scale factor (doubling the satellite
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wind estimates) yields the closest general fit to observed cli- on : : : : : : : :
matologies of the upper-ocean response to TC wind forcing ! ‘ j ! ! j bl
(Sriver and Huber, 2010). The scale factor affects the overall oy ... L2
magnitude of the upper-ocean response, but we find the gen- ‘ / ‘ ‘ ‘

eral characteristics of the wave response are robust tothe dif,,, |~ 7 &1 | 4 & ™o
ferent scale factors applied to the TC wind forcing (e.g. 1X, | B o' I C;S1 g I
2X, 3X), o § ems o
We focus on a particular case where three successive TC Q 4 - ; Cat: @ ||
event.s in the nor'thwestern Pacific pasm (Fig. 1) initiate @ = o 3,,,,13,%,,,;1,, Chanhom May1] - |Cat. 4 @) | |-
transient equatorial wave response in the ocean model. All | o) {%ﬁg > cas@ ||
three TCs originate within a span of 8 days, between 17 and S SSHRUIRTD - T NG - :
25 May 2003. We highlight this case, because it representsws’100E e e e e

the most pronounced wave response in the model during the
forcing years. Fig. 1. TC tracks occurring near the location and time of onset of
As a consequence of our methodological choices, such athe modeled Kelvin and Yanai wave combination according to “Best
recycling the forcing data set every 7 yr and arbitrarily ad- Track” est.imat.es. Colgred c!rcles denote storm.intensity ac;ording
justing TC winds, our approach is somewhat idealized. It istothe Safflr—Smpson intensity scale (TD — Tropical Depression, TS
difficult to translate between the modeled result and reality,” "oPical Storm).
because the background atmospheric forcing fields (1994—
2000) used in the model do not correspond to the global TC
wind fields (2000-2006). Our choice of methodology, and becomes visible behind the Kelvin wave (Figs. 2 and 3a). The
the associated inconsistency, is due to the unavailability ofyanai wave is characterized by out-of-phase temperature and
TC winds and interannual atmospheric bulk-forcing fields for zonal velocity anomalies on either side of the equator. The
corresponding years. For instance, the 2003 TC events highKelvin and Yanai wave components evolve according to their
lighted in this study are combined with atmospheric fields respective wave equations, and they separate completely af-
from 1997 in the model. The large-scale atmospheric fieldger~ 30 days. The Yanai wave travels slower than the Kelvin
mark a transitional period toward the strong 1997-1998 Elwave (Fig. 3a), and its group velocity corresponds roughly
Nifio event. This approach should capture the essence of thie the first baroclinic mode for the mixed Rossby-gravity
physical processes and responses at play, but the connectiovave (Moore et al., 1998). After 45 days, the Kelvin wave
to specific observed dates and events is somewhat tenuousreaches the eastern boundary, where the anomalous heat car-
ried by the wave rises to the surface and is partially trans-
ported poleward along the boundary.
3 Results and discussion Past observational studies have highlighted the connec-
tions between TC pairs (symmetric about the equator) and
The sequence of TC events shown in Fig. 1 excites a transierthe changes in tropical Pacific surface temperature patterns
wave response in the equatorial thermocline represented bselated to El Nfio-Southern Oscillation (Keen, 1982; Nitta,
an eastward-propagating warm temperature anomaly comt989). The results presented here mark the first time equa-
pared to the control simulation (Fig. 2; animation available torial Kelvin waves have been generated by realistic sim-
in the supplemental information). The modeled wave distur-ulation of TC wind forcing in a global ocean general cir-
bance is triggered directly by the enhanced wind forcing, asculation model. Furthermore, the wind forcing shown here
it originates during the TC events. It is possible that ther-differs from various other documented occurrences (Keen,
modynamic effects associated with vertical mixing and wake1982; Nitta, 1989), in that it involves three sequential events
recovery may also play a role in wave formation, but our in the same hemisphere rather than paired events on opposite
methodology cannot adequately account for these effects dusides of the equator. The wave response is consistent with
to lack of ocean—atmosphere coupling. previous modeling work examining nonlinear Kelvin waves
Initially, the oceanic response to the TC wind forcing is under idealized asymmetric forcing conditions (Fedorov and
characterized by a warm anomaly between 100 and 200 nMelville, 2000).
depth in the western equatorial Pacific, which begins to The modeled Kelvin and Yanai waves (Fig. 2) show how
propagate eastward. The motion is indicated by anomawind forcing by a combination of TCs can significantly alter
lous zonal velocity contours overlaying the positive tem- equatorial ocean dynamics in a coarse ocean general circu-
perature anomaly (Fig. 2). The wave evolves with nonlin- lation model. However, this result may have no relevance to
ear Kelvin wave-like characteristics, which allows for zonal nature unless it is observable. To test this, we compare longi-
heat and mass transport through geostrophic adjustment dtide versus time plots of the modeled temperature and zonal
the heat anomaly within a sloping thermocline (Le Sommervelocity anomalies with anomalous ocean heat observations
and Zeitlin, 2005). After 10 days, a baroclinic Yanai wave from the Tropical Atmosphere Ocean (TAO) buoy array for
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Fig. 2. Upper ocean temperature difference (color contours) between the simulation with TC wind forcing (2X scale factor) and the control
for: (A) 27 May 2003(B) 6 June 2003(C) 26 June 2003, an@) 9 July 2003. In all panels, the mean difference between the TC simulation

and control has been removed to highlight the transient features. The black contours represent anomalous zonal (eastward) velocity (dashe
lines denote negative values). Zonal velocity contour spacing is 2 énBoth quantities are averaged between 100 and 200 m depth.

the same time period following the three TC events in 2003using the SSALTO/DUACS multi-mission altimeter products
(Fig. 3). Analysis of the TAO buoys shows a warm ocean heatobtained through AVISO (Archiving, Validation, and Inter-
anomaly, compared to climatology, in the upper 300 m mov-pretation of Satellite Oceanographic Dat&tp://www.aviso.
ing eastward across the equatorial Pacific. The average modaceanobs.cojn SLAs are calculated daily, and the altimetry
eled ocean heat anomaly/transport in Fig. 3a corresponds tproduct combines data from up to four satellites at any given
roughly 1/4 of the observed average ocean heat anomaly itime. This method of merging data from multiple satellites
Fig. 3b. While the full structure of the modeled wave is not has been shown to improve skill in capturing mesoscale vari-
evident in the observations, the eastward-propagating heatbility (Pascual et al., 2006). SLAs are a good indicator of
content anomaly does reflect the general characteristics ainomalous ocean heat content in the upper ocean. The SLAs
a nonlinear Kelvin wave with a translational speed slightly in Fig. 4a show an eastward propagating anomaly in equato-
slower than the modeled wave. rial Pacific sea-level, corresponding to a positive ocean heat
As a cross-check on the TAO buoy observations, we anacontent anomaly. The wave-like structure is consistent with
lyze sea-level anomalies (SLA) between May and July 2003the TAO observations and the CCSM model results shown
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Fig. 3. (A) Longitude-time plot of the anomalous temperature and zonal velocity shown in Fig. 2 averaged between“O\ariche5ellow

dashed line denotes the Kelvin wave velocity. The solid yellow line is the Yanai wave group velocity for the first baroclinic mode scaled by
the Kelvin wave speed. The estimated modeled Kelvin and Yanai wave speed84drand~ 2.3 ms 1, respectively(B) Longitude-time

plot of observed, anomalous upper ocean heat content (compared to climatology) from the TAO buoy array. Ocean heat content is averagec
between-2 and +2 N, and integrated to 300 m depth. The time interval is 15 May-15 July 2003, corresponding to the same modeled interval
shown in Fig. 3a. The estimated observed Kelvin wave spee®i® m s 1. Both the modeled and observed Kelvin wave speeds are within

the range of documented wave observations from the TAO array (Shinoda et al., 2008).

in Fig. 3. Using satellite-derived SLAs, we can also approxi- 7-yr forcing cycle. It is not possible to directly attribute the
mate zonal and meridional anomalies in geostrophic currentebserved equatorial heat anomaly (Fig. 3) and SLA/current

using the relations: anomalies (Fig. 4) to TC wind forcing because of the some-
, g OSLA what idealized nature of our simulations. As discussed in
Ug = —? T the methods section, the modeled wave is simulated using
¢ 9SLA TC events from 2003 bIe_nded intc_> _global .atmospheric forc-

vg, = ? P ing from 1997, representing conditions prior to the onset of

the large amplitude 1997-1998 Elfidi event. It has previ-
where ufgand vé are the zonal and meridional geostrophic ously been documented (McPhaden, 1999) that a series of
current anomalies, respectivedyis the gravitational acceler-  strong westerly wind events during the spring and summer of
ation, andf is the Coriolis parameter. The zonal geostrophic 1997, associated with the Madden—Julian Oscillation, played
current anomalies (Fig. 4b) are generally consistent withan important role in initiating this El Nio event, leading to
the modeled and observed spatial and temporal structuregastward expansion of the tropical Pacific warm pool. These
of the upper-ocean temperature anomalies shown in Fig. Sconditions are also captured in the bulk forcing fields used in
However, the geostrophic anomalies in the meridional veloc-our model experiment, in that the control simulation repro-
ity (Fig. 4c) show no clear wave response, suggesting TCduces the main characteristics of the observed zonal redistri-
induced waves are incapable of affecting meridional transhution of ocean heat in the tropical Pacific during 1997 (not
ports and/or the fine-scale structure of the relatively weakshown). Thus, we interpret the modeled waves to be the re-
zonal SLA gradients are not captured in the altimetry prod-sult of superimposing TC wind fields on a background state
uct. Regardless of the limitations in current velocity anoma-transitioning toward EI Nio conditions. These background
lies derived from altimetry, the observed ocean heat contentonditions may be more conducive to wave development in
and SLAs (Figs. 3b and 4a) provide additional independenthe model. This finding appears to be more of a model lim-
support to the idea that TC wind forcing excites equatorialitation rather than a natural requirement, since the observed
ocean waves. TC-induced waves in 2003 (Figs. 3 and 4) occur during a
In our model experiment, we consistently find an equa-transition period from EIl Nio to neutral conditions in the
torial wave response to TC forcing in the western and cen-eastern equatorial Pacific.
tral Pacific. The waves are typically damped out quickly, and  The interannual variability in the large-scale atmospheric

the situation highlighted here represents the best examplgulk forcing fields may be responsible for the model's wave
of a basin-scale Kelvin/Yanai wave combination during the
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Fig. 5. Vertical profile of the modeled zonal current velocity in the
equatorial Pacific between5 and +5 N. The black curve denotes
the annual average over the 7 yr forcing cycle (all years). The red
curve represents the annual average during the model year with
June1s 1997 atmospheric forcing conditions (TC wave year), reflecting
anomalously small vertical current shear in the background state
compared to the mean.

JulyO1 =

July15

primarily to the vertical structure of the equatorial zonal cur-

-40 -20 0 20 40 . .
cmis rents. During the 1997 forcing year, the background ocean
state features significantly reduced vertical shear in the equa-
Altimeter Geostrophic Meridional Velocities torial Pacific zonal velocity, compared to the annual aver-

age over all forcing years (Fig. 5). Current shear is reduced
as warm western Pacific surface temperature expands east-
ward, depressing zonal temperature gradients near the sur-
face. Strong vertical shear of zonal currents has been shown
to inhibit waves in ocean models due to enhanced frictional
effects (Giese and Harrison, 1990). Thus, the anomalously
small background shear conditions provide a favorable en-
vironment for equatorial wave excitation and propagation in
the model, though it may not be a necessary criterion for such

May15 =
June01 =
June15

JulyO1 =

July15 =

1508 150 50w 120W 90w waves in nature (as suggested by Figs. 3 and 4). The general
-8 4 0 4 8 similarity between the model results and observations is con-
cm/s sistent with the hypothesis that TCs are capable of exciting

Fig. 4. Longitude-time plots of anomalous daip) sea-level  equatorial waves, given the limitations associated with using
height, (B) geostrophic zonal velocity (eastward positive), and a coarse-resolution ocean-only modeling framework.
(C) geostrophic meridional velocity (northward positive), derived  Considering the observational relationship between early-
from the SSALTO/DUACS muIFi-sateIIite altimetry datell product. sesson TC occurrence and Elfidionset (e.g. Nitta, 1989),
Sea-level height and geostrophic zonal velocity anomalies are avers jings shown in Figs. 3 and 4 provide evidence form both
aged bgtweer+2 and +2 N, and geostrophic me”d'on"’.‘l. velocity an ocean model and observations for the importance of direct
anomal|e§ are aver aged betweed and .+5 N. All quantities are TC wind forcing in initiating EI Nfio events via Kelvin wave
spatially filtered using a 2-D 1.65nean filter. o . } . .
excitation. The modeling evidence is supported by the skill
of the CCSM3 ocean component in reproducing the tropical
Pacific mean state and annual cycle (Fig. 6), given our current
preference during conditions consistent with a transition to EImodeling configuration using the interannual bulk forcing
Nifio, which leads us to consider more generally the differ-fields of Large and Yeager (2004). The annual cycle of tropi-
ences in the model's background ocean state during this forceal Pacific sea surface temperature is calculated for the model
ing year compared to other years in the 7-yr forcing cycle.simulations (control and the TC2X case) and ocean reanaly-
We find the modeled TC-induced wave response is sensitivais from the European Centre for Medium-Range Weather
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Fig. 6. Longitude-time plots of the annual cycle of sea surface temperature anomalies in the equatorial Pacific (bgtavebs N) relative

to the long-term mean, fai\) European Centre for Medium-Range Weather Forecasts (ECMWF) Ocean Re-Analysis (ORA-S3) product
(Balmaseda et al., 2008B) the CCSM control simulation with the standard atmospheric forcing(@ntghe CCSM simulation with TC

winds scaled by 2X. The annual cycle is calculated over the period 1960—-2009 for ORA-S3 and over the 7 yr of model cycle for the CCSM
simulations, reflecting large-scale atmospheric forcing conditions corresponding to 1994—2000.
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Fig. 7. Longitude-time plots of modeled daily temperature anomalies averaged between 0°aXdar@ 100—200 m depth for CCSM
simulations with different scaling factors applied to the TC wind speed estimates derived from Qu{kS$ceX, (B) 2X, and(C) 3X.
Anomalies in all plots are calculated relative to the control simulation and the mean difference has been removed as in Fig. 3a. Note the
general wave characteristics are consistent between cases, but the magnitude of the temperature response increases with TC wind speed.

Forecasts (ECMWF) Ocean Re-Analysis (ORA-S3) prod-This version of the ocean component of CCSM3 has been
uct (Balmaseda et al., 2008). Figure 6 demonstrates that thanalyzed and evaluated much more extensively elsewhere
model reproduces the main characteristics of the annual cycl@ryan et al., 2006; Danabasoglu et al., 2006, 2008; Yeager
compared to the reanalysis, including the asymmetric strucet al., 2006; Griffies et al., 2009), and we refer the reader
ture between the east and west Pacific, supporting the us® those publications for additional documentation of model
of this model in analyzing tropical upper-ocean dynamics. Itskill.

also supports our methodological choice in using a repeat- We examine the sensitivity of the amplitude of the mod-
ing 7-yr cycle for calculating a climatology, given that the eled wave to the magnitude of the TC winds, by comparing
relatively small subset of repeating years in the model sim-model results for different scale factors applied to the TC
ulations reproduces the reanalysis based~at0yr of ob-  wind speeds. As shown in Fig. 7, wave amplitude is directly
servations. Furthermore, the annual cycle for the case witlproportional to TC wind speed, and the wave response is re-
enhanced TC winds is generally consistent with both theduced for the 1X scenario. The 1X scenario represents TC
control case and the reanalysis, indicating that the impact ofvind speeds derived from QuikScat with no scaling correc-
the transient waves does not affect the modeled mean statéon, but these estimates are consistently negatively biased

www.earth-syst-dynam.net/4/1/2013/ Earth Syst. Dynam., 4, 18, 2013
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due to Quikscat limitations. Applying a 2X scale factor has equatorial wave dynamics, but, in the model, the effect only
been shown to capture more accurately the upper-ocean mixeads to the combination of basin-scale Kelvin and Yanai
ing response in this model (e.g. mixed layer deepening andvaves for background forcing conditions featuring anoma-
surface temperature cooling) (Sriver and Huber, 2010). Relously small vertical current shear.
gardless of the scale factor (1X or 2X), the general charac- The possibility that individual or sequential TC events
teristics of the modeled waves are robust. Figure 7 highlightscould have an impact on tropical wave dynamics through ex-
the importance of the anomalous TC winds in inducing thecitation or amplification of Kelvin and Yanai waves has inter-
wave response, rather than background variability in the cli-esting implications for climate variability. These waves affect
matological wind forcing (e.g. westerly wind events) being mixing and energy budgets of the equatorial oceans, and they
the main factor. The addition of the transient TC wind fields are important for meridional and horizontal transports, exci-
to the climatological fields generates a pronounced wave retation of tropical instability waves, and the formation of deep
sponse for all scale factors relative to the control simulationsgquatorial circulations. Equatorial Kelvin and Yanai waves
and the amplitude of the wave train is sensitive to the strengthare also responsible for the zonal rearrangement of heat con-
of TC wind forcing. tent via thermocline adjustment, thus making western Pacific
The potential link between TCs and equatorial waves hasTCs potentially important triggering mechanisms during the
important implications for equatorial dynamics, mixing bud- initial adjustment toward El Niio conditions. Our results sug-
gets, and transport. Consistent with recent analysis (Ascamest TCs in the western Pacific could influence the timing and
etal., 2010), the modeled Yanai wave propagates energy veamplitude of EI Nfio events.
tically to the ocean floor, which can result in mixing and  This paper provides a conceptual framework for how TCs
chaotic stirring in the intermediate and deep equatorial oceamay influence tropical Pacific ocean waves, and thus ENSO,
(Li and Pacanowski, 1996). It is hypothesized that dissipa-using a comprehensive ocean model and idealized (though
tion of these waves is important for the formation of deepstill based on real observations) TC surface forcing. More
equatorial circulations (Ascani et al., 2010). Yanai waves alscanalysis is needed to examine potential relationships between
lead to strong vertical mixing in the near-surface equatorialTC wind forcing and upper ocean equatorial waves, utilizing
oceans due to current shear instabilities. Mixing induced bymore idealized and/or self-consistent modeling frameworks,
these waves has been shown to affect dissipation rates arid order to develop a deeper understanding of possible con-
surface heat fluxes that can cool the surface and warm thaections between ENSO and climate.
equatorial undercurrent (Moum et al., 2009). Furthermore,
an additional wave source will likely influence tropical insta-
bility wave activity, which is linked to Yanai wave occurrence
(Zhou and Boyd, 2009), though the limited model resolution
of the present study prohibits specific identification of these
effects. Our results suggest that in addition to known pro-
cesses, such as periodic wind forcing, boundary effects, anglcknowledgementsThis work was supported by grant
current shear, TCs may provide a heretofore unrecognize®ISF ATM 0741797 to M. Huber. R. Sriver's research was partially
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