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Summary of proposal
Our on-going use of altimetric data to study the Tropical Indian and Pacific climate changes since
1992 will continue with a focus on their North/South contrast. We use TOPEX/Poseidon/Jason
(TPJ) data to control the bridge that coupled models of atmosphere/land/oceans forced by
weather events simulate for the intraseasonal-to-decadal changes of ENSO and Monsoon. To
account for how sudden weather events contribute to the fate of slower climate changes, we add
to the monthly forcing of the Indian Ocean model component the daily surface wind and rain data
from satellite. The weather events affect the Indian ocean mostly in the Madden Julian
Oscillations (MJO) band around 60 days, and in the Tropical Instability Waves (TIW) band
around 15 days. 1) We use TPJ and wind data to prescribe the flows in/out of the tropical Indian
and Pacific oceans: our objective is to understand their role in the ENSO events, as well as in the
Indian Ocean meridional overturning cell that affects the entire tropical atmosphere. 2) We will
further test how the Indian Ocean 60 day- resonance is activated by the 3-to-5 day- persistent
weather regimes from equator poleward, while the MJOs go around the planet: TPJ provides the
key validation to keep the appropriate choices among our tests. 3) TPJ will also allow to
decipher what triggers the bi-weekly atmospheric and oceanic TIWs: rather than looking for one
fluid leading the other, we will examine if these cross-equatorial unstable fluctuations are
associated with the phase of lunar gravitational forces.
The TPJ 2cm accuracy for basin-wide sea level is needed to continue making progress in finding
the role of the oceans in ENSO and Monsoon fluctuations. Results will bring a better
understanding of the ocean/climate system and can trigger new ideas for future altimetry and
scatterometry.
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1 Introduction: Sea Level and wind data used for Tropical Climate models
In the tropics, Sea Level (SL) primarily responds to wind stress in intensity and direction.
Regardless of uncertainties in air-sea heat fluxes, mixing and wind speed, models simulate SL
variations which agree well with TOPEX/Poseidon-Jason data (TPJ) as long as they are forced
with realistic wind stress vectors. In the early 90s we started assimilating SL data in addition to
wind to initialize models with the objective of improving ENSO forecasts in the Pacific. SL data
continue to be determinant for model predictive skills (Hackert et al, 2007). In the late 90s,
research was initiated to understand the role of the other tropical oceans in climate. Soon, the 10day limit of predictability of weather/climate was questioned: Hoyos and Webster (2003) show
that the Monsoon floods over the Bengladesh are preconditioned by the equatorial Indian SL
signals 20-to-25 days in advance. Now even short-lived events as cyclones benefit from TPJ
monitoring as it provides heat potential indices for them (Wada and Usui, 2007). Thus TPJ data
are used to monitor the potential index of a cyclone that occurred in the Bay of Bengal in early
May 2003 (Ali et al., 2007). Figure 1 illustrates that this index is well reproduced by an Indian
Ocean model forced by wind stress vectors daily observed by satellite since 20th July 1999 (see
Table1 for data, and Table2 for models).

Fig1. Wind stress vectors observed by QuikSCAT [May 1-to-3, 2003]. SL driven by QuikSCAT
and TRMM on [May 1-to-10] relative to [2000-to-2003]-mean model topography.
1.1 Use of Sea Level data to make progress in coupled modeling of ENSO
Warm conditions, primarily explained by a flattening of the equatorial SL slope associated with a
weakening of the trade winds, involve secondary mechanisms that are unique to each ENSO event
(see e.g. McPhaden, 1999; Picaut et al., 2002). For example, the off-equatorial SL which monitors
the available potential energy of the ocean/atmosphere in association with the accumulated wind
work (see Fedorov and Philander, 2001) modulates the linear Sverdrup balance between SL and
winds (Kessler et al., 2003) and reveal meridional modes of climate variability (Chiang and
Vimont, 2004). Thus, Models of Intermediate Complexity (ICMs) show how the off-equatorial
SL and wind stress curl recharge the equatorial Pacific for ENSO (e.g. Jin, 1997; PCM001). By
contrast with most models which simulate the (SL/wind) recharge in the North in phase with the
South, data show that the North and South are in opposite phase. Figure 2a illustrates the
Seasonnal-to-Interannual (S-I) anti-symmetry of the wind-driven levels of recharge in the North
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and South. Anti-symmetry is also observed in the SL estimates derived from XBT since 1980
and from TPJ since 1992 (PC001). After a warm event, the South is discharged as the trade winds
weaken, and the North is recharged as the northerlies strengthen with the ITCZ migrating
towards the equator (CP001). Meridional winds play a key role in ENSO coupled modeling
(PDCMZ971). However most atmospheric models (personal communications with NWP
centers) fail to simulate realistic meridional winds in the North close to the equator. When
coupled to the ocean, they simulate symmetric climate signals (double ITCZ and symmetric
ENSOs, see DCPAT071). This is why the PI rarely uses model meridional winds in her ICM
experiments: she replaces them by observed values from FSU (or QuikSCAT recently) or by a
statistical approach: the S-I relationship between SST and meridional winds is so clear in data
that a statistical atmosphere coupled to the ocean reproduces well the anti-symmetric S-I signals
of off-equatorial recharge. A striking feature of a coupled model with anti-symmetric recharge is
that it cannot self-sustain oscillations for long compared to other coupled models. On the other
hand, it has a greater skill in assimilating off-equatorial SL data to reproduce the equatorial SST,
SL and trade wind anomalies in phase with the irregular observed ENSO events. It detects
processes that are negligible in forced models and that matter for the actual coupled system. For
example it is sensitive to the observed decadal trends of recharge.

Fig2a. Time series of the [5N-15N]- and [5S-15S]- Pacific averaged SL anomalies driven by FSU
winds since 1980. Anomalies are relative to the [1993-to-1996] climatology.
The wind-driven levels have (5-to-7 year) trends since 1980 in the North and South that are also
negatively correlated (up to 1997). They agree well with the trends observed by
(hydrography+altimetry). Their O(2cm) differences (see Fig5), primarily explained by flows
in/out of the tropical Pacific ocean model, condition the fate of the ENSO events (see FP021).
The role of inter-basin exchanges in ENSO remains central to the research today (see section 3).
Warm events can be triggered by Westerly Wind Bursts (WWB) and Madden-Julian
Oscillations (MJOs) (Madden and Julian, 1994; Wang et al., 2004: see Lau and Waliser, 2005 and
Kessler 2005 for reviews). As a first step, we implemented statistics of WWBs derived from data
in the Western Pacific of an ICM and found that the impact of WWBs on ENSO forecasts
depends on the “decadal” SL/wind variations observed since 1980 (PC001). In between intraseasonal and inter-annual variations, the ~9 month resonant mode of the Pacific basin (Philander,
1990; Ji et al., 1995; PD961) plays a role in climate that needs to be highlighted (Jin et al., 2003;
Kang et al., 2004). ICM tests strongly suggest that this resonant mode contributes to the biases
of climate simulated by a CGCM (DCPAT071).
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1.2 Use of data for coupled modeling of Indian Ocean/Atmosphere/Land
Progress in finding the role of the Indian ocean in climate is recent (see Special issue Jensen, 2007;
Meyers et al., 2007). The Indian winds drastically change the circulation, heat and salt budgets
each year (see Schott and McCreary, 2001). SL is the key data set to monitor the evacuation of
heat from the North in summer and from the South back to North in winter (Miyama et al., 2003)
and its annual-to-decadal modulations (Meehl, 1993; Gu and Philander, 1997, Xie et al., 2002;
Murtugudde et al., 2002, PMC031; Lee, 2004; Alory et al., 2007; Lee and McPhaden, 2007).
These North/South changes take place as “Indian Ocean Dipole” events may occur (Saji et al.,
1999; Rao and Yamagata, 2004) and as the equatorial basin resonate every 6 months (Kessler,
2005). The meridional changes of the Indian Climate are at the core of this proposal. The line of
SL contrast between the North and South Indian is located South of the equator along the mean
trade winds and South Equatorial Current. Indeed this line of North/South contrast is captured by
preliminary results from Grace. Similar to the Pacific, the North and South Indian S-I signals are
anticorrelated and vary by +/-4cm (Fig2b).

Fig2b. Time series of the [Eq-25N]- and [5S-25S]- Indian averaged SL anomalies driven by FSU
winds since 1980. Anomalies are relative to the [1993-to-1996] climatology.
By contrast with the Pacific, the North and South wind-driven trends since 1980 are positively
correlated up to the mid 90s. Also, the Indian SL is not in balance with its wind driven levels (see
Fig5). On both sides of the equator, (hydrographic+altimetric) levels agree with wind-driven
levels for the seasonal-to-quasi-biennial oscillations, but not for lower-frequency trends.
Investigations initiated prior to our 2004-08 OST proposal rely on TPJ 2cm basin-wide accuracy
to determine this (4-to-8cm) imbalance which is primarily due to the flow in/out of the Indian
Ocean with the other oceans (see section3).
In addition, the Indian climate have very active fluctuations in the intraseaonnal (10-to-90 day)
range. Indian MJOs show a big annual contrast between South and North (Waliser et al., 2003;
2004). The semi-annual resonance of the equatorial basin is also activated at harmonics 60 and 90
days (Han, 2005), inducing changes in the Indian Dipole events (Han et al., 2004).
2 Current investigations and results important for this proposal
All PI’s simulations are forced by wind stress vectors during 40 years prior to 2000: models are
forced by monthly-averaged FSU and Arkin data since January 1980 after 20 years of
climatological forcing from rest. For all data and model inputs/outputs, the climatology is the 17
year period (1980-1996) derived from data. For SL prior to TPJ, XBT data since 1980 provide a
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SL proxy after adjustments with TP during the overlapping (1993-1996) period (see FP021). The
difference between the 17- and 4- year averaged SL from XBT is O(2cm) in the South recharge.
ENSO forecasts are degraded if TPJ data are not referenced to the 17-year reference. The PI
makes a unique exception for this proposal: model SL and TPJ are plotted relative to their [19931996] reference so that the reader sees genuine TPJ data without XBT adjustment.
2.1 After 15 years of SL data used to make progress in coupled modeling of ENSO
At the Venice OST meeting in March 2006, the PI presented the progress made in using SL data
in ICMs, meaning: 1) no success in improving ENSO forecasts is achievable by using SL data
for initialization only, 2) moderate success in using data for improving model parameterizations,
improvements are marginal for initial conditions (DP961) and significant for the first 6months of
forecasts (PDCN001), 3) biggest and most useful progress is achieved by performing “almostdata-free” coupled experiments to detect and understand processes which are negligible in forced
ocean experiments, but which matter for the actual evolution of the coupled system. Such
experiments performed from 1980-to-present consist in using data to control an oceanic or
atmospheric field that plays a negligible role in forced experiments, all other oceanic/atmospheric
fields being simulated by the ICM. As little data as possible are introduced in the ICM to keep
the greater sensitivity of the coupled system and yet maintain it in close agreement with the S-I
signals observed since 1980. Fig3a illustrates the success of such experiments in reproducing the
Niño3 SST time series, the ICM is controlled by SL data only in the North and South.

Fig 3abc. Time series of Niño3 SST index simulated by the ICM compared to Reynolds data
(green) or to the index simulated by the model initialized with the SL-conditions forced by FSU
winds (red): a) “almost-data-free” 20-year long experiments controlled by off-equatorial SL data,
bc) series of 18 month-long forecasts initialized every 15 days between April and December.
In January 2002 the off-equatorial differences between the wind-driven and the TPJ levels were
small (see section 3) and in spring, the western Pacific was recharged. As anticipated in this case,
the ICM predicts well by itself the warming of the eastern Pacific though the following 20022003 winter (Fig3b). In spring 2006, wind-driven conditions were getting ready for a warm
event to grow again (Fig3c). After the Venice OST meeting in March 2006, in order to finalize
the (PDBC061) manuscript, the PI downloaded the AVISO merged data set (TPJE, see Table1)
to update the ICM off-equatorial control and deliver new almost-data-free results. It was found
that the recharge monitored by the TPJE data set was higher by ~4 cm than TPJ_old (Fig3d)!
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TPJ_old (see Table1) had been regularly
updated by the PI each year from JPL
internal estimates. Immediately the PI
downloaded the (1993-2006) TPJ_new
data set also available at JPL: TPJE and
TPJ_new agree within 2cm at any month,
in the North and in the South. TPJ_old
correspond to data available before the
reprocessing of 2005. In fall 2006 when
warming was indeed observed in the
eastern Pacific, the ICM predicted that
Fig3d. [5N-15N]-Pacific averaged SL from the warming would continue and peak in
TPJ_Old/New and ECCO_Old/New (see Table1).
summer 2007. It did not in reality. Part
of the proposed tasks consists in simulating the 2006/2007 event with the appropriate control
using TPJ_new, FSU winds and complementary information (found in two ECCO simulations,
see Table1 and Section 4). Note that the SL signals simulated by ECCO_old and by ECCO_new
match TPJ_old and TPJ_new respectively (Fig3d).
2.2 Feeding the Indian Ocean/Tropical Atmosphere with weather events.
While the tropical climate is sensitive to ~2cm basin-wide trends, it is also sensitive to sudden
weather events. Because ICMs have no skill in simulating weather processes, TRMM and
QuikSCAT daily observations relative to their monthly-averaged values since July 20th, 1999 are
added to the monthly forcing of the Indian Ocean component of the ICMs. The impact of
realistic surface weather conditions onto climate is found by comparing results from such daily
forcing (Exp_day) with (Exp_month). TRMM data have 83% of variability in [2-to-30 day],
with sudden events that can bring ten times more rain in a day than the monthly averaged values.
Results show a huge shift of frequency in the ocean response. TRMM sudden rain events affect
salinity once per year only (IP071): the slightly less abundant precipitation than monthly means,
with the winds, entrain saltier waters from below and give ~1psu surface salinity increase in the
Bay of Bengal in October.
There is also a shift of frequency in the SL response to sudden wind events (Fig4). The 52% of
QuikSCAT wind stress variability contained in [2-to-30 day] affect the SL response mostly in
the intraseasonnal band, with a significant peak in the Madden Julian Oscillation (MJO) band
at 60 days (Fig4a). Today, the [10-to-100 day] variations of model SL we obtain are in excellent
agreement with TPJ_new everywhere, including in the Andaman Sea (Fig 4bcd). The Exp_day
SL response we obtained in 2004 had a big discrepancy there with TPJ_old. Residual M2 tidal
errors have been further removed in the reprocessing (Fig4b), the difference TPJ_Old/_New can
be as big as 40 cm there (similarly large corrections are obtained in the shelf region north of
Australia, see Egbert and Erofeeva, 2007). Also, the tasks announced in the previous OST
proposal are completed now: our new model bathymetry and river runoff with strong seasonal
discharge of the Irrawadi river allow to simulate the 60 day resonance of the semi-enclosed
Andaman basin with the Nicobar islands and significantly improve the thermodynamic and haline
circulation in the Andaman Sea and Bay of Bengal.
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Fig4. SL Spectra of a) IND4 forced by weather (Exp_day) or monthly (Exp_month) stress on
average over Indian Ocean and b) TPJ Old/New in the Andaman Sea (AS). Time series in AS of c)
meridional wind stress TY and d) SL for daily or monthly-forcing compared to TPJE.
We have used several wind data sets (see Table1) to force the Indian ICM to estimate the
consequences of wind uncertainty which is a big error source for SL and ocean/climate modeling
(see sections 3 and 4). For example, the May 2003 Bay of Bengal cyclone index driven by NCEP
is 8cm lower than in Fig1b (i.e. the ocean is colder by 3.2 ºC in the upper 100m).
The second intraseasonal peak of SL response to QuikSCAT is at ~15 days (Fig4). It
corresponds to Tropical Instability Waves (TIWs) generated by QuikSCAT cross-equatorial
winds. TIWs associated with QuikSCAT surface winds are being reported in the 3 tropical
oceans (Polito et al., 2001; Miyama et al., 2006; Sengupta et al., 2004; Han et al., 2007). Tropical
oceans are known to generate their own instability waves, regardless of the local wind forcing.
TIWs are often reported as Yanai waves with SL signature anti-symmetric relative to the equator.
The intriguing issue since the biweekly peak is so pronounced in QuikSCAT-winds is that
biweekly Indian model TIWs become dominant compared to the 20-to-40 day waves known
from data and models (Reverdin and Luyten, 1986; Kindle and Thompson, 1989). Scientists
wonder if it is the atmosphere which triggers the oceanic TIWs or the ocean which triggers the
surface winds, inducing local atmospheric convection. Biweekly signals in the ocean are also
found because of fortnight tides and because of internal tides and mixing (Ray and Mitchum,
1997; Pu et al, 2007). The [13-to-15] day-range is associated with a wealth of geodetic signals
and climate (Hide and Dickey, 1991; Dickey et al, 1992; Ray and Mitchum, 1997; Ffield and
Gordon, 1996; Munk and Wunsch, 1998; Wunsch, 2000; Ray and Egbert, 2006).
In summary: 1) O(2cm) large-scale low-frequency SL changes in the tropical Indian and Pacific
oceans are associated with flows in/out of the basins that matter for S-I climate. 2) Indian
weather events within 30 days trigger 60 day O(20cm) SL signals which are associated with
atmospheric MJOs. 3) According to experiments forced by QuikSCAT daily wind products,
biweekly TIWs are generated by biweekly cross-equatorial Indian winds.
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3 Scientific objectives and Expected Significance
3.1 Research Objectives
We will use TPJ data and ICMs to continue filling the gap between weather and climate in the
Tropics, specifically addressing the following 3 questions: 1) How can we explain the annual-tomultiyear changes of the ocean/atmosphere inter-hemispheric contrast in the tropical Pacific, and
in the Indian system? 2) What is the link between the Indian weather regimes and the
planetaryMJOs? 3) What is the link between the Tropical Instability Waves in the 3 tropical
oceans, the atmosphere, and possibly the Moon?
3.1.1 Evolution of the North/South climatic contrast in the tropical Pacific/Indian
Using the difference between wind-driven and altimetric levels in the North and South Tropical
Pacific had been good enough to significantly improve the coupled modeling of the ENSO events
between 1980 and 2002, but the 2006 event is a challenging case. Fig5bd illustrates how peculiar
the situation is since 2004 with both the North and South levels highly recharged by the winds.
TPJ levels are even higher than the wind levels, in the North, and in the South. Our objectives are
to find out why, and to implement what is necessary in the Pacific ICM in order to simulate the
uniqueness of the S-I events since 1980 up to present time.

Fig5. North/South (top/bottom) SL from TPJE or wind-forced models in the Indian/Pacific
(left/right) ocean as in Fig2. Red/blue shading corresponds to TPJE above/under wind-driven SL.
On the Indian side in the South (Fig5c), the altimetric/wind level difference, well correlated with
the North Pacific difference since 1992, is largely explained by the ITF variations since then as
expected. But, the Indian situation since 2002 is peculiar too. The Indian Ocean also exchanges
with the South (see Sallee et al, 2005). These exchanges have a big impact on climate too (see
section 4). Fig5a illustrates that the wind level was higher than TPJ during almost 10 years, after
which levels switched to TPJ above like in the South. The North switch happened in 2003, the
year when the Indian meridional overturning cell collapsed. How did that happen? What are the
contributions of the ITF/Pacific 2002 event in the 2003 Indian switch relative to the local winds
and to the Australia-SouthIndian/Pacific flow since 2002? Did intraseasonnal and sudden
weather events like the May 2003 cyclone in the Bay of Bengal contribute to the switch too?
The SL driven by QuikSCAT (light blue lines in Fig5) have big errors because QuikSCAT winds
7

contain large-scale low-frequency biases (see PFR071). Because of this important QuikSCAT
issue to be resolved, TPJ data are the key reliable source of information to investigate the
evolution of climate since 1993. We may be able to use TPJ, FSU and ICMs to correct the large
scale biases of QuikSCAT stress estimates for ocean/climate (collaboration with Dr Rodriguez).
TPJ and FSU-driven levels give signals that are already consistent with Indian Grace data
analysis (collaboration with Dr Dickey). Our OST objective is to make further progress in the
estimations of the flow variations in and out of the ICM oceans to be able to investigate the role
of the Indian ocean since 1993 in the climate changes currently happening in the tropics.
3.1.2 Indian weather regimes and planetary Madden Julian Oscillations
The Indian weather events affect SL mostly in the South on the border of the Indian warm pool
(Fig6a). So it is not surprising that the impact is strong on local atmospheric convection (Fig6c).
The entire atmosphere is affected with MJO perturbations over the Indian and Pacific warm
pools, and because the South Indian local impact on SL and SST shows up in winter (Fig6b), the
storm tracks in the North are also affected (Fig6c). This South Indian connection with the
northern mid-latitude atmosphere
matches the teleconnection identified
in Marcus et al. (1994). Fig6
compares the weather impact
simulated by two ICM Exps where
we test different drag formulae
converting daily QuikSCAT wind
into stress. We find very similar
impact by comparing daily and
monthly rain forcing with the same
QuikSCAT daily winds: even though
the rain impact is located in the Bay
of Bengal in October for salinity
(IP071), SST and local atmospheric
convection are mostly affected in the
Fig6. ac) SL and rain rms difference due to a change South warm pool from November to
March, affecting the Pacific storm
in Quikscat daily winds b) SL time series for both Exp.
tracks and winter MJOs.
The Indian weather-induced intraseasonal SL response at 60 days corresponds to the second
harmonic of the semi-annual resonance. The first at 90 days is also activated by weather events,
but it remains equatorially confined. Why is the second harmonic more active than the first? We
will investigate the conditions that favor the second: a) Tropical Atmosphere: the planetary
MJOs are very active over the Eastern Indian and have energy in [40-to-80 day], b) Ocean mean
circulation and bathymetry: in the South the 90ºE ridge separates the ocean vertical stratification
between Australia and Africa into 1/3rd of the basin in the East (60 day) different from the other
2/3rd, while in the North the Nicobar island ridge amplifies the Andaman Sea 60 day fluctuations
that partly radiate out in the Bay of Bengal. Our objective is to further find out how the Indian
Ocean feeds the source of atmospheric MJOs for the Pacific. The answers depend on the season.
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The differences between winter and summer MJOs induce variations in the geodetic signals of the
Earth which are detectable from satellite (Dickey et al., 2007). As the rain and wind events occur
via weather regimes that persist 3-to-5 days at most, we will address two series of questions: 1)
How valid are the 3-to-5 day signals of wind stress estimated from QuikSCAT and other wind
products for ocean/climate modeling? 2) What is the energy source that feeds the Indian ocean
60 day-resonance? Is it primarily the semi-annual forcing and bathymetry? Does the order in
time of the Indian weather regimes matter for the 60 day-resonance? How important are the nonlinear effects with the seasonal-to-mean circulation and mixing? For all these questions, TPJ is the
key data set to find reliable answers among the ICM solutions.
3.1.3 Oceanic and atmospheric Tropical Instability Waves
Altimetry is one of the best tool to detect TIWs. Seasat in the Atlantic (MPM851) and Geosat in
the Pacific (P901) detected O(~1000km, ~30 day) periodic SL patterns that propagate westward
at ~30km/day along the SST fronts slightly North of the equator. The PI extended the (FVP901)
Kalman filter to extract the Yanai waves in the Indian Ocean from Geosat (Fig7a): altimetry back
then had already detected the bi-weekly period of Indian TIWs, but these results were
overlooked because TIWs were known at 20 to 40 days. QuikSCAT detects a prominent
biweekly peak in the cross-equatorial winds of the Indian (Fig7b) and Atlantic oceans (Han,
personnal communication).
TIWs on the atmospheric
side (Wheeler and Kiladis,
1999;
Chatterjee
and
Goswami, 2004) are Yanai
waves with anti-symmetric
geopotential signals which
propagate
much
faster
(2000km/day at period of 15
days). Biweekly Yanai waves
are found in OLR (Fig7c). In
the Indian ocean, since
QuikSCAT cross-equatorial
Fig 7. Evidence of 14-day TIWs in the Indian Ocean/Atmos: winds lead the phase of the
a) Bidimensionnal spectra of SL data along 3N showing Yanai waves simulated by
energy of Rossby and Yanai waves. bc) Spectra of 90-day- QuikSCAT-forced ocean, the
high-pass filtered daily time series [2000-2006] of (b) atmosphere is interpreted as
QuikSCAT TY and (c) OLR antisymmetric signal.
triggering the oceanic TIWs.
Investigations are needed to clarify this interpretation. We have two objectives: 1) examine the
extent to which the estimation of meridional wind stress from QuikSCAT is valid close to the
equator, 2) investigate if the Moon influences the bi-weekly instabilities in both fluids: oceanic
biweekly Yanai waves make ~15 days to cross the Atlantic basin, ~15 days to cross the Indian
basin, and the Moon orbit inclination (18º to 28º) relative to the equatorial Earth plane is a ~15
day source of North/South anti-symmetry in both fluids. It is at its synoptic period (29.5306
days) that the Moon creates a pull of gravity on Earth which has a North/South anti-symmetric
9

component: twice per Lunar month, depending on whether the Moon is in its waxing or waning
phase, the Moon pull on Earth is inclined to the North or South of the equatorial plane. This biweekly mechanism is different from the fortnightly tides that happen at half of the sideral period
of the Moon (27.322 days). Figure 7 clearly indicates that it is half of the Moon synoptic
period (14.765 days) which is detected in altimetry, QuikSCAT and OLR. Nonlinear tidal mixing
also occurs at 14.8 days and may come into play like everywhere in the ocean. Is the Moon
inclination favoring the anti-symmetric signals of geopotential in the atmosphere (OLR) and
oceans (SL)? We will investigate the phase of the Indian, Atlantic and Pacific oceanic and
tropospheric biweekly TIWs, in relation with QuikSCAT cross-equatorial winds and the Moon
phase.
3.2 Expected Significance
The 2cm accuracy was not reached by TOPEX/Poseidon mission prior to the launch of Jason1.
ENSO forecasts depend on an O(2cm) change in the North/South basin-averaged levels. The
Pacific ICM is a tool able to detect small errors in large-scale altimetry. It also has skill in
simulating so-far neglected processes that matter for the actual coupled system. For example,
now that the entire TPJ time series are reprocessed within ~2cm accuracy, we propose to detect
the role of the “Niño repellent” conditions of the Tropical Atlantic in the evolution of the 2002
ENSO event. If the proposed idea is correct, the ICM should succeed in reversing the 2002
warming reversal on time as observed. The Atlantic connection could be used later to study the
impact of Tropical Atlantic weather on ENSO and climate.
On the Indian side, it is crucial to make progress in understanding the weather-climate link.
Having monitored the difference between the wind-driven and altimetric levels for years, it is time
to further understand with “almost-data-free” coupled experiments the mechanisms modulating
the North/South contrast at key time scales: the annual and quasi-biennial oscillations as well as
the 3-to-5 year trends of the Indian SL are already consistent with the analysis of the Indian
contrast monitored by Grace since 2002. The continuous support of TPJ accuracy and the
proposed tasks will help to prepare for longer-term fluctuations as well.
While tropical atmospheric signals often go around the Planet as symmetric Kelvin and Rossby
waves that are well monitored from space, finding if the Moon plays a role in asymmetric climate
changes is important too. The biweekly instability waves nonlinearly contribute to the S-I crossequatorial transports of mass, heat and salt in the 3 oceans. Indeed the Moon may play a role in
the annual-to-multiannual inter-hemispheric climate changes too as its inclination relative to the
equatorial plane has an 18.5 year cycle. Meridional displacements of the Pacific ITCZ and Indian
convergence zone found in long climate records are associated with the Moon precession cycle
(Anderson et al., 2007). Quantifying the O(20 year) signal of inter-hemispheric contrast observed
since 1980 with ICMs referenced to a 17-year climatology that respects the
ocean/atmosphere/land asymmetries prepares the analysis of O(20 year) climate and TPJ data
over more than one Moon precession cycle. Following a time of culminating processes with the
North/South Indian swith in 2003 and the peculiar 2002/2006 Pacific events, our investigations
may lead to additional possibilities for future OST orbits: can a Moon-synchronous orbit for an
altimeter together with a Sun-synchronous orbit for a scatterrometer further monitor Moonassociated SL signals that matter for the link between weather and climate?
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4 Technical approach and methodology
The key data sets on which this proposal relies is OST data of TPJ-accuracy. More data sets and
models are also needed. These learning tools are presented in section 4.1. Progress will be made
in learning about the 2000-to-current ENSO events by using the Pacific ICM. This tool and the
Indian ICM will also be used to study the annual-to-multi-annual inter-hemispheric changes of
the Pacific and Indian systems (section 4.2). The study of the weather-MJO connection will
benefit from the classification of TRMM and QuikSCAT data into weather regimes (section 4.3).
The proposed work on TIWs mostly involves data analysis (section 4.4).
4.1 Data and Intermediate Coupled Models (ICMs) are the tools
TPJE is the merged AVISO data set 0.5ºx0.5º every 5 days. TPJ_new and TPJ_old are 1ºx1º
maps every 3 days estimated at JPL (see Table 1 for data description). TPJ_old maps were
updated by the PI every year between 1996 up to 2004, whereas TPJE and TPJ_new were
downloaded from 1992 in spring 1996 and on. XBT data, curtosy of Dr Smith (BRMC) and Dr
Meyers (CSIRO) between 1980 and 2000 correspond to Smith (1995) and Meyers (1996). FSU
wind and Arkin rain initially from (Legler et al., 1989; Legler and O’Brien, 1988; Xie and Arkin,
1997) were also entirely redownloaded in 2006 because reprocessed data sets are released.
The tropical Pacific ICM (see Table 2 for model description), TRIDENT (Boulanger, 2001;
Boulanger and Menkes, 2001) is coupled to a statistical atmosphere (Astat) or to the atmosphere
model (QTCM). In comparison with Cane and Zebiak (1986), the numerics, a landmask to allow
wave reflection at step-like boundaries, a second baroclinic mode and a term of vertical mixing to
the mixed layer are added, the climatological fields and the parameterizations are improved with
information from current-meter/drifter data and wind-forced OPA simulations. The tropical
Indian ICM, IND4 (Han and McCreary, 2001) is a non-isopycnal model with 4 ½ layers to
represent the surface processes, the barrier layer, waters upwelled and downwelled through the
thermocline, and the intermediate waters down to ~800m. Prof McCreary (IPRC) has been
supporting the PI’s work by providing his codes since 1996. IND4 continues to be used by the
community, with its Pacific version to study the role of the ITF on both oceans (McCreary et al.,
2007). Note that the PI’s choice of TRIDENT for the Pacific is the one recommended by Prof.
McCreary for her OST proposals. The Atmosphere/Land model, QTCM is used to study
ENSO (Neelin and Zeng, 2000; Zeng et al., 2000), MJOs (Lin et al., 2000) and Indian monsoon
(Chou et al., 2000). QTCM with a finer spatial resolution is coupled with the Atlantic ocean
(Illig and Dewitte, 2006) and with IND4. The coupler OASIS (Valcke et al., 1995) performs the
coupling in space and time between QTCM (2.8125º longitude, 1.875º latitude, 20mn) and IND4
(0.5º lon, 0.5º lat, 0.8 hours) or TRIDENT (2º lon, 0.5º lat, 5 days).
4.2 Annual-to-multi-annual variations of inter-hemispheric contrast in the Tropics
4.2.1 Tropical Pacific and teleconnections
The ICM success in predicting the growth of the 2002 event is linked to the match between the
FSU-wind-driven and TPJ levels in the ICM initialization between winter 2001 and spring 2002.
Since then, as illustrated in Fig5, the connection with the Indian ocean is not sufficient to explain
the Pacific FSU-TPJ trends. In addition to the Pacific ICM control from the West, we will
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control it from the North and South off-equator. This control is already implemented in
TRIDENT coupled to Astat (PDBC061, unpublished). We will perform “almost-data-free”
experiments controlled from the West/North/South by using TPJ off-equator and FSU meridional
winds in QTCM between 1993 and present. It is possible that such experiments still fail for the
2006 event: our Pacific ICM simulates SL as a result of density changes, we may have to add
rain/salinity processes in this ocean too: ECCO changes in salinity contribute to SL differently in
the North and South Pacific, the South salt content slowly increased since 1993, resulting in an
SL lower by 3 cm in 2007 (Fig8b). Preliminary discussions and continuing collaboration with Drs
Illig, Dewitte and Delcroix (LEGOS, France) may end up in implementing a parameterization of
salinity effects in SL and subsurface temperatures in TRIDENT-QTCM if necessary.

Fig8. SL driven by FSU compared to TPJ_new in the a) North Indian Ocean[0-25ºN], b) North
Pacific [5ºN-15ºN], c) South Indian Ocean [20ºS-5ºS], d) South Pacific[ 5ºS-15ºS] .
4.2.2 Tropical Indian and teleconnections.
So far, we simulated the Indian oceanic connection with the Pacific by prescribing mass transport
fluctuations across the eastern boundary of IND4 from 1980 to 2000. We made adjustments to
be consistent with the differences between the IND4 closed wind-driven transport and the
transport estimated from TPJ and XBT across the Java -Australia section (Meyers, 1996).
Indian SL results are improved to some extent along the South Equatorial Current (IP061). As
planned in the [2004-2008] OST proposal we are currently working on adding the contribution of
the mass inflow/outflow from the South. Preliminary Indian ICM tests of the South conditions in
addition to the ITF control have been accomplished. The impact on the coupled system is no
smaller than the ITF impact. As anticipated, we need to correct the model assumptions on how
the volume is conserved and implement the appropriate conditions of mass, heat and salt
transports across the lateral boundaries. For those, we will use the ECCO results across the
IND4 boundaries. ECCO shows a 3 cm SL rise since 1993 due to salinity (Fig 8b). Validation of
the IND4 salinity and temperature in the Bay of Bengal in comparison to ECCO (IP071) and
Mercator (IDP071) indicates that IND4 is locally the most performant model: it actively mixes
the waters that have sharp density gradients induced by TRMM and QuikSCAT. But IND4 will
benefit from the ECCO information for this large-scale OST task.
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4.3 Indian Ocean forced by random or ordered weather regime classification
We will continue using the Indian rain and wind weather events to feed the 60 day SL variability.
Our classification of TRMM rain data into weather regimes will be very useful for this task. We
took the TRMM data for 7 summers (MJJAS) and 7 winters (NDJFM) separately since 2000,
and classified the days as regimes of maximum likelihood occur. We found 5 different regimes in
summers (Fig.9a) that occur 12% to 30% of the summer months, with a persistence of ~4 days.

Fig9. a) the 5 summer Indian weather regimes from TRMM, b) their % of occurrence and
sequential ordering as a function of with the MJO phase c) (from the web): MJO phase
propagation around the Planet.
The wind composites drawn from this classification are geophysically consistent with rain, but
important details vary from one wind product to the other. We sorted out the days of occurrence
of each the 5 weather regimes as a function of the 8 phases of atmospheric MJOs as they go
around the Planet (Fig9c). We found that the sequential order of the 3-to-5 day Indian weather
regimes matching the MJO zonal propagation (Fig9b) is consistent with the Indian ocean
dynamic of 60 day signals (eastward from REq to REEq and northward from RCB to RNB). So
we now want to see if it is the observed sequential order in the weather which is needed to feed
the resonance of the Indian Ocean, and we have prepared a random distribution of
TRMM/QuikSCAT regimes in the summers and winters from 2000 to 2006 to force the Indian
ICM and answer this question.
Also, we will force the Indian Ocean with band-pass filtered FSU/Arkin wind/rain to remove
their 60 day- content and keep the QuikSCAT/TRMM weather events. SL outputs will be
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validated with (TPJE_5day) and (TPJ_new_3day): these TPJ data sets have days when values
locally differ by ~10cm. We want to examine if the chaotic and semi-annual atmospheric forcing
of the ocean combined with the Indian bathymetry are sufficient to trigger MJOs in the coupled
system from which we remove intrinsic atmospheric 60 days before forcing the ocean. Using
Mercator solutions, IDP071 have estimated that 8 baroclinic modes contribute to explain the
equatorial Indian SL variations and developed a linear model (ILIN) that reproduces very well
TPJ and OSCAR surface currents. We forced ILIN with the same daily- or monthly- QuikSCAT
stresses as IND4. ILIN simulates a strong 60 day SL peak even with the monthly-forcing, which
is not the case for IND4 (Fig4d). So we have the modeling tools to extract the linear from the
non-linear processes involving the seasonal-to-mean circulation and mixing for different frequency
forcing. A wide variety of tests is possible, we will test what is necessary as progress is done in
scatterometry, using TPJ data as the key information to retain the good choices.
4.4 Tropical Instability Waves in the Ocean and Atmosphere
The cross-equatorial current variations are dominated by TIWs. Fig.10 illustrates that the TIWs
forced by ERA40 (Mercator) propagate 3 times slower than the TIWs forced by QuikSCAT.
The ones simulated by IND4
forced by FSU are very similar to
Mercator, but simulations of TIWs
depend on the model: very little
TIWs are found in ECCO and
IND4 forced by NCEP does
simulate bi-weekly TIWs, with a
weaker amplitude though than
forced by QuikSCAT.
Even if fortnightly tides have been
removed from altimetry, TPJ
detects the TIW signature. The
TIW SL forced by QuikSCAT are
2800km
long
patterns
that
propagate westward at 200 cm/s
whereas forced with other winds,
Fig10. Hovmoeller diagram of cross equatorial
they are O(1000 km) at shorter
current from Mercator (ERA40) or IND4 (QuikSCAT)
periods (20 to 30 days) and slower
phase speeds (~30 to ~60 cm/s).
We will first determine if the wavelength, amplitude, phase, and propagation of the bi-weekly
anti-symmetric signals forced by QuikSCAT and observed by TPJ match. If optimal Kalman
filtering is needed to answer, we will do so. Then to find if the biweekly TIWs are conditioned by
the Moon, we will further analyze the synchronicity between the tropical Atlantic and Indian SL
biweekly signals, as well as with OLR and other signals measuring the Moon signature on Earth
(collaboration with J. Dickey).

14

5 Relevance to NASA programs, NRA objectives, and benefits for the community
This work clearly addresses NASA overarching Strategic Subgoal 3a: "Study planet Earth from
space to advance scientific understanding and meet societal needs" within its: " 3A.5 Understand
the role of oceans, atmosphere, and ice in the climate system and improve predictive capability
for its future evolution". Indeed, this work addresses the oceans and atmosphere, since it focuses
on their delicate coupling. More specifically, "How is global ocean circulation varying on
interannual, decadal, and longer time scales?" is part of this specific solicitation (ROSES 2007 A.07). The proposed work demonstrates "the Earth science and applications arising from
analyses of the ocean surface topography data" by using SL data to constrain numerical models
and by interpreting the difference between observed and modeled SL in terms of deficiencies to
correct in models or their forcings. Furthermore, as requested, altimetry data are used in
conjunction with other data, and studies of their accuracy when applied to our specific problems
will benefit the wider community.
The ICMs we have developed to study the coupling between the Tropical Indian, Pacific, and
Atlantic oceans with the Tropical atmosphere are mature enough now to be used by the scientists
who want to test how satellite data can help understand the difference between forced and
coupled ocean/atmosphere/land systems. These learning tools are useful for climate modelers too,
including the CGCM community. ICM components can be used with AGCMs: for exple,
Vimont et al. (2007) couple the CSM atmosphere with Cane and Zebiak (1986) ocean to study
the meridional modes of ENSO-PDO. Another example consists in using the CGCM
climatologies in replacement of the observed ones in an ICM to understand the climate signals
simulated by the CGCM in the Tropics (see DCPAT071). Today our ICM codes still need
numerical cleaning, but students can perform ICM experiments on their own (see letter of
support). There is a lot more to learn about the link between weather and climate since we started
using TPJ/QuikSCAT/TRMM data in ICMs. We hope that controlling the ICM with basin-wide
TPJ and FSU wind-driven levels can benefit the estimations of large-scale low-frequency wind
stresses to be extracted from QuikSCAT measurements for ocean/climate. Also results from
Moon-tide-climate studies may call for the design of new orbits for future altimetry.
6 Work Plan
Besides collaborations that started long ago with Prof. McCreary (Indian Ocean modeling), Dr
Cassou (weather regime classification and CGCM), Drs Illig and Dewitte (Indian/Atlantic ocean
coupling with QTCM, Pacific ICM and CGCM), Dr Bonjean (Indian-Mercator-OSCAR since
2005), Dr. Waliser (Pacific MJO impact on TIW since 2005) and Dr Rodriguez (QuikSCAT
wind products for ocean/climate since 2006) are very important collaborators now in our
research. Dr Dickey is a key new collaborator for the work proposed in OST, Moon and Grace.
The PI works full time on OST and OVW. Dr Illig is leaving JPL in November. Starting
December 2007, J. Dureau, a student funded by OVW who started at JPL in August 2007 for one
year, is the only personnel working with the PI. The PI and an OST student can fully accomplish
the proposed tasks in (weather-MJO-TIW) by 2012. The tasks in (North/South climate trends)
require more time to be fully completed with the implementation of salinity in the Pacific ICM,
unless the PI gets additional support from a post-doc. The PI would appreciate the
recommendation from the OST Review panel for hiring a NPP post-doc.
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7 Tables of data and models used in the proposal
Table 1: Data
TPJE: merged AVISO dx=0.25º, dy=0.25º, dt=1 week since October 1992,
ftp://ftp.cls.fr/pub/oceano/AVISO/SSH/duacs/global/dt/ref/msla/merged/h/.
TPJ_new and TPJ_old: dx=1º, dy=1º, dt=3 days,
TPJ_new: Brian Beckley's Pathfinder TOPEXV9.2e/060403g, (1993-to-present)
TPJ_old: Merged GDR, updated year by year (1993-to-2004)
XBT: subsurface temperature profiles used to compute surface dynamic height relative to 400m,
depth of 20ºC, ocean heat content at various depth for model parameterizations,
dx=2º, dy=1º, dt=1 month since 1980,
courtesy of Dr Smith (BRMC) and Dr Meyers (CSIRO), see Smith (1995), Meyers (1996).
Several gridded wind products are used:
Indian FSU (Legler et al., 1989) dx=1º, dy=1º, dt=1 month from
http://www.coaps.fsu.edu/WOCE/SAC/fsuwinds/ndnftp/
Pacific FSU (Legler and O’Brien, 1988) dx=2º, dy=1º, dt=1 month from
http://www.coaps.fsu.edu/RVSMDC/html/pacmonyr.shtml,
QuikSCAT daily averaged from http://airsea.jpl.nasa.gov/DATA/QUIKSCAT/wind or
from ftp://ftp.ifremer.fr/ifremer/cersat/products/gridded/mwf-quikscat/data/daily/,
ERS weekly averaged from: ftp://ftp.ifremer.fr/ifremer/cersat/products/gridded/
NCEP from: http://www.cdc.noaa.gov/cdc/data.ncep.reanalysis.surfaceflux.html ,
ERA40 from: http://data.ecmwf.int/data/d/era40_daily/
Rain data come from:
Arkin (Xie and Arkin, 1997): monthly averaged from
ftp://ftp.ncdc.noaa.gov/pub/data/gpcp/v2/sat_gauge_precip/
TRMM: daily averaged from
http://disc.gsfc.nasa.gov/data/datapool/TRMM_DP/01_Data_Products/02_Gridded/06_hour_Gpi_Cal_3B_42.

SST data come from Reynolds and Smith (1994): weekly averaged:
http://dss.ucar.edu/datasets/ds277.0/data/oiv2/ and also:
TMI_Reynolds, weekly averaged: ftp://ftp.ssmi.com/tmi/bmaps_v04/weeks/
OSCAR (Bonjean and Lagerloef, 2002): daily surface currents from
Filtered: http://dapper.pmel.noaa.gov/dapper/oscar/world-filter.nc.
Unfiltered: http://dapper.pmel.noaa.gov/dapper/oscar/world-unfilter.nc.
ECCO_old and ECCO_new: dr049f.2005 and kf066b.2006 Outputs of (TPJ and in situ)
assimilation into global OGCM forced by NCEP, dx=1º, dy=1º, dt=10 day-averages from:
http://www.ecco-group.org/products.htm.
Mercator: http://www.mercator.eu.org, products on global OPA forced by ERA40, we used the
5-day-averaged inputs/outputs over the tropical Indian-Pacific from 1993 to 2001.
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Table 2: Models
ICM = Intermediate Coupled Models: all ICMs have a climatology prescribed in the coupler.
The Pacific and Atlantic ICM ocean components are anomaly models: the thermodynamic
equations are decomposed into climatology and anomaly, where the climatology is data and the
anomaly is model, anomaly ICMs are not linear models.
The Indian ICM, IND4-QTCM, are not anomaly, but full models. They are ICMs because the
SST from the ocean and the (wind stress vectors and rain) from the atmosphere have the
observed climatologies prescribed in the coupler before exchanging the full fields.
OGCM/AGCM = Ocean/Atmosphere General Circulation Model.
Acronyms

Description

Author

IND4

INDian ICM with thermodynamic, salinity and 4.5 non
isopycnal dynamic layers coupled to QTCM

Han & McCreary,
2001

ILIN

Indian LINear Model: 8 baroclinic mode ocean anomaly
model

IDP071

TRIDENT

Pacific ICM: ocean anomaly model of ENSO with 2.5
dynamic layers and thermodynamic surface mixed layer
coupled to Astat (statistical Atmosphere) or to QTCM.

Boulanger, 2001
PC001, FP021

TIMACS

Atlantic ICM coupled to QTCM: Tropical Intermediate
Model for Atlantic Climate Studies

Illig & Dewitte,
2006

QTCM
OASIS

OPAIND

ARPEGE

Quasi-Equilibrium Tropical Circulation Model
(Atmosphere ICM component)
http://www.atmos.ucla.edu/~csi/qtcm_frm.html
Ocean-Atmosphere-Sea Ice-Soil Coupler
http://www.cerfacs.fr/globc/software/oasis/oasis.html
INDian OGCM version of OPA (global OGCM) with fine
resolution on the Indian Ocean North of 45ºS, (collaboration
with Drs.Delecluse and Madec, LOCEAN, Paris).
http://www.lodyc.jussieu.fr/opa/
Climate T42 AGCM version with spherical harmonic grid
zoomed on the Indian Ocean for coupling with OPAIND via
OASIS (collaboration with Dr Dandin, Meteo France)
http://www-pcmdi.llnl.gov/projects/modeldoc/amip1/13cnrm_b.html

Neelin & Zeng, 2000
CERFACS
PDM931, unpublished
See Montegut et al.,
2007.
DPD961, unpublished
See Deque et al., 1994
for ARPEGE
without Indian zoon.
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8 Biographic Sketch of PI
Claire Perigaud, Jet Propulsion Laboratory, email: cp@pacific.jpl.nasa.gov
Education and Professional Experiences:
- PhD (These de Docteur-Ingenieur) in Fluid Mechanics from University Paris VI, France (1982).
- PhD (These d’Etat) in Earth Sciences from University Paris VII, France (1987).
1988 - 1989: Post-Doc from National Research Council at J.P.L.
1989 - present time: Employee from Caltech working at JPL,
with 1992/93 one-year leave of absence from JPL employed by French Ministry of
Research and Education in GRGS, Toulouse, France.
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Perigaud C. and Minster J.F., 1988: ‘Variability of the Somali Current studied from Seasat Altimetry’, J.
Phys. Oceanogr., 18, 25-39.
Perigaud C., P. Delecluse and J.F. Minster, 1989: ‘Wind field derived from Seasat scatterometer and ship
wind analysis over the Arabian sea’, Mon Wea. Rev, 11, 2348-2364.
Perigaud C. and P. Delecluse, 1992: “Annual sea level variations in the Southeastern tropical Indian
Ocean”, J. Geophys. Res, 97, 20169-20179.
Perigaud C. and V. Zlotnicki, 1992: Importance of Geosat orbit and tidal errors for large scale Indian Ocean
variations, Oceanol. Acta, Special issue altimetry for Oceanogr, 15, 5, 491-505.
Perigaud C. and P. Delecluse, 1993: “Interannual sea level variations in the tropical Indian Ocean from
Geosat and shallow-water simulations”, Jour. Phys Oceanog., 23, 1916-1934.
Greiner E. and C.Perigaud, 1994: “Assimilation of Geosat altimetric data in a nonlinear shallow-water
model of the Indian Ocean. Part 1: adjoint approach and model-data consistency”, Jour. Phys.
Oceanog., 24, 8, 1783-1804.
Greiner E. and C.Perigaud, 1996: “Assimilation of Geosat altimetric data in a nonlinear shallow-water
model of the Indian Ocean. Part2: validation and interpretation of assimilated results”, Jour. Phys.
Oceanog., 26, 1735-1746.
Selected references on altimeter data and Tropical Instability (and other Equatorial) Waves:
----------------------------------------------------------------------------------------------------------------Malarde J.P., De Mey P., Perigaud C. and Minster J.F., 1987: ‘The oceanic dynamic topography associated
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References on using SL data to improve coupled modeling of Pacific and Indian Climate:
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and observed with in situ and satellite data. Part1: model and data comparison”, J. Climate., Vol 9,
66-84.
Dewitte B. and C. Perigaud , 1996: “ El Niño-La Niña events simulated with the Cane and Zebiak’s model
and observed with in situ and satellite data. Part2: model forced by data”, J. Climate., 9, 1188-1207.
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Perigaud C., S.Zebiak, F. Melin, JPBoulanger, B. Dewitte, 1997: On the role of the meridional wind
anomalies in a simple coupled model of ENSO, J. Climate, 10, 761-773.
Perigaud C., F. Melin and C.Cassou, 2000: ENSO simulated with Intermediate Coupled Models and
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Perigaud C. and C. Cassou, 2000: “Importance of oceanic decadal trends and westerly wind bursts for
forecasting El Niño”, Geophys. Res. Lett., 27, 3, 389-392.
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1980-1998 in the ENSO events simulated by a coupled ocean-atmosphere model, Jour. Geophys.
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Dewitte, B., C. Cibot, C. Perigaud, Soon-Il An, and L. Terray, 2007: “Role of equatorial background mean
state and near annual coupled mode in a CGCM simulation”, J. Climate., 1035-1052, doi:
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Illig S. and C. Perigaud, 2007: Yearly impact of submonthly rain fluctuations on the Indian Ocean salinity,
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References on turbulence in bottom and surface oceanic boundary layers:
-------------------------------------------------------------------------------------------Perigaud C., 1984: Erosion of cohesive sediments by a turbulent flow, part 1: Low mud concentration”, J
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Non-peer reviewed references on OST-OVW current investigations:
---------------------------------------------------------------------------------Illig S., B. Dewitte, and C.Perigaud, 2007: Equatorial wave intra-seasonal variability in the Indian and
Pacific oceans in the Mercator Ocean POG05B simulation Mercator Newsletter, 26, July
http://www.mercator-ocean.fr/html/lettre/presentation_lettre_en.html.
Perigaud C., B. Dewitte, J.P Boulanger, and C. Cassou, 2007: The need of TPJ accuracy to make further
progress in ENSO, 2007 Ocean Surface Topography Science Team Meeting, Hobart
(www.aviso.oceanobs.com/documents/swt/posters2007/perigaud.pdf).
Perigaud C., R.Foster, E.Rodriguez, 2007: "Issues on Ocean Vector Wind Level3 products and Possible
Improvements", ftp://ascatsag:sag4ascat@ftp.eumetsat.de/SAG_info/OVWST_SAG31
Perigaud C., and S. Illig, 2007: Indian weather events impact on ocean/atmosphere/land climate, AMS 15th
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on
Air-Sea
Interaction,
Portland,
Oregon,
20-24
august.
(http://ams.confex.com/ams/15isa14m/techprogram/paper_125467.htm)
Illig S., C. Perigaud, and J. Mc Creary, 2006: How much of the interannual-to-decadal fluctuations of the
Indian Ocean Sea-Level is due to atmospheric forcing and to connections with the other oceans,
Fifteen Years of Progress in Radar Altimetry, OST Meeting, Venice. (http://earth.esa.int/cgibin/confalt15y.pl?abstract=733)
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9 Current and Pending Support
TRMM proposal: PMM-0000-0067 in response to NRA 02-OES-05.
PI=Perigaud, Collaborators = McCreary, Neelin.
Title= “Role of rainfall in the Indian Ocean/Tropical Atmosphere Climate”
Terminates end of November 2007. The funds of this proposal came in late at JPL. They had
been approved for partially supporting the PI for 3 years and for 1 post-doc (Dr Zhang who left
JPL in March 2004). The post-doc could not be replaced by another post-doc because of general
budget cuts from NASA in 2005-2006 and because JPL general expenses increased with time.
The were partially used to support 3 months of a contractor. The remaining funds are presently
used to support the extension of post-doc Dr Illig from June 2007 up to November 2007.
OSTM proposal: in response to OST/ST-03-0000-039.
PI= Perigaud, Collaborators = McCreary
Title= “Importance of Jason-TP data to improve the coupled Ocean-Atmosphere modeling of El
Nino and Monsoon”.
Supports PI for 6 months/year + 1 post-doc (Dr Illig at JPL from June 2005 to May 2007).
Terminates in December 2008.
OVW proposal in response to OVW/ST-05-:
PI=Perigaud, Collaborators = Cassou, McCreary
Title=” Use of QuikSCAT data to find out the role of the Indian Ocean onto the tropical
Atmosphere Climate”
Supports PI for 6 months/year + 1 pre-PhD student (J. Dureau started in August 2007 for 1 year).
Terminates in June 2010.
Grace proposal in response to ROSES-07:
PI= Zlotnicki, Co-Is = Song, Perigaud.
Title=”Ocean Applications of Grace”
Supports PI for 10K?/yr. Will start in ? and end in ? .
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10 Statement of commitment and letters of Support
Letters from the 3 key collaborators, Dr. Waliser, Dr Rodriguez and Dr Dickey, are attached.
A letter of support from J. Dureau is provided as an example of what can be achieved by a
student with satellite data and ICMs in the proposed tasks. J. Dureau started at JPL 3 months
ago without oceanographic nor atmospheric training before.
Note that the PI regularly uses GCMs in collaboration with her colleagues from France (see Table
2). She performed OPAIND experiments to compute the model SL within 1 cm accuracy,
accounting for the rigid lid approximation and lateral flow boundary conditions. She also
performed OPAIND experiments to study the importance of daily- versus monthly- forcing in
preparation of its coupling with ARPEGE. Some of these GCM results are sent to reviewers to
get the ICM results accepted for publication (PMC03, IP07).
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11 Budget Justification
11.1 Budget Narrative
Funds are requested to support the PI salary (6 months/year). In addition, 33K/year are requested
to support 12 months of a student, listed as ‘Consultant’ in the budget.
Since 1993 graduate students (Dr Dewitte, Dr Cassou, Dr Melin, G. Dubos now in PhD and
recently J.Dureau) have thus been funded by NASA to work with the PI. All of them continue
and blossom today in climate research. Collaborations with them now at IRD in various
countries, CERFACS and Meteo-France, continue to be beneficial for the community. The PI
regularly collaborates with them to couple the new released codes with OASIS. This explains the
PI’s contribution to PhDs supervised by Dr Redelsberger, Dr Delecluse, Dr Terray, and Dr
Dewitte in the recent years.
Note that no funds are requested to support these collaborations nor those with Prof. Neelin
(UCLA, CA) who develops and provides the QTCM code, nor with Prof. McCreary (IPRC,
Hawaii) who develops and provides the Indian Ocean codes. All these conditions explain why
the amount of funding requested for travel is minimal.
11.2 Facilities, Equipment and Other Resources
The PI benefits from all the facilities and equipment available at Jet Propulsion Laboratory
which are perfect for the proposed tasks. No request.
11.3 Rationale and Basis of Estimate
The proposed budget for the 4-year development effort is based on grassroots analyses of cost
of personnel and equipment associated with each subtask. The estimate of JPL workforce in
multiple salary level and the cost of procurements, services, and travel were put into a cost
aggregation tool consistent with the JPL cost accumulation system. Travel costs for JPL are
estimated using standard average rates based on destination and duration of each trip. Travel
costs include roundtrip airfare, rental car, lodging, meals, and incidentals.
Travel funds in the amount of $10k/yr, publication charges for $10k/yr.
Desktop Network Chargebacks (calculated at $5.07/hr. in years 1-3 and $5.08/hr in year 4, to
$4.7k/yr in years 1-3, and $4.8k in year 4): All JPL computers are subject to a monthly service
charge that includes hardware, software, and technical support.
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