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S1. Additional comparisons between ECCOv4 and observations

In the main text, we compared ECCOv4 to ζ from satellite altimetry (Figure 2), which is6

the primary interest. Our analysis suggested that upper-ocean temperatures and currents,7

and surface heat exchanges are relevant to the ζ changes. We now compare ECCOv4 to8

other observational estimates of ocean currents, subsurface temperatures, and surface heat9

fluxes.10

S1.1. OSCAR surface currents

Surface currents from OSCAR (Bonjean & Lagerloef, 2002) were downloaded from the11

Physical Oceanography Distributed Active Archive Center (PO.DAAC) at the National12

Aeronautics and Space Administration (NASA) Jet Propulsion Laboratory (JPL). These13

model estimates of horizontal velocity at 15-m depth are derived from satellite and in situ14

sea-surface height, surface vector wind, and sea-surface temperature, as well as subsurface15

temperature and salinity from hydrography. Values are provided on a regular 1
3

◦ × 1
3

◦
16

quasi-global grid (78◦S to 80◦N) at 5-day intervals. To compare against 15-m horizontal17

velocities from ECCOv4, we compute monthly averages from the 5-day OSCAR values18

during 1993–2015, and bilinearly interpolate the monthly OSCAR values onto the native19

ECCOv4 horizontal grid.20

Comparisons between OSCAR and ECCOv4 surface currents are shown in Figures S1–21

S4. Similar patterns and magnitudes of Pacific Ocean surface currents are seen (Fig-22
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ures S1, S2). In the time mean, both OSCAR and ECCOv4 portray basin-scale west-23

ward flow within the northern parts of the South Pacific Subtropical Gyre and along the24

South Equatorial Counter Current, eastward flow along the North Equatorial Counter25

Current, westward flow along the North Equatorial Current and southern portions of the26

North Pacific Subtropical Gyre, and eastward flow across the northern flanks of the North27

Pacific Subtropical Gyre, with the strongest currents found close to the equator (Fig-28

ures S1a, S1b). Northward mean surface currents appear broadly across the tropical and29

subtropical North Pacific in both ECCOv4 and OSCAR, whereas southward mean flows30

are seen generally over the South Pacific tropics and subtropics (Figures S2a, S2b), con-31

sistent with the sense of the prevailing zonal winds and Ekman transports. Differences in32

mean surface currents between ECCOv4 and OSCAR are also apparent (Figures S1c, S2c).33

More small-scale structure is apparent in OSCAR compared to ECCOv4, possibly due to34

sampling noise in OSCAR or eddy variability not represented by ECCOv4. Relatively35

stronger zonal flows within the North Equatorial Counter Current and North Equatorial36

Current are seen in ECCOv4 compared to OSCAR (Figure S1c).37

The two products also show similar patterns of surface-current variability over the trop-38

ics. Considering monthly changes in zonal velocity, we find that OSCAR and ECCOv439

both exhibit stronger current variability (σ ∼ 30 cm s−1) along the equator and weaker40

variations (σ ∼ 10 cm s−1) across the tropics (Figures S1d, S1e). The general agreement41

between the two is emphasized by the fact that fluctuations in the difference between EC-42

COv4 and OSCAR tropical zonal velocities are generally smaller than fluctuations from43

either product individually (Figure S1f). We note that, moving outside of the tropical44

study region, ECCOv4 underestimates the variability in zonal surface currents compared45
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to OSCAR. For example, elevated variability in zonal flows along the Kuroshio and its ex-46

tension in the northwestern North Pacific seen in OSCAR are mostly absent in ECCOv447

(Figures S1d, S1e), probably related to nonlinear western boundary current dynamics48

that are not resolved by the state estimate. Similar conclusions (e.g., general agreement49

in tropical areas of interest, but with ECCOv4 underestimating the variability compared50

to OSCAR at higher-latitude extratropical regions) are reached from examination of vari-51

ations in meridional velocities from the two products (Figures S2d–S2f).52

Considering time series of zonal (Figure S3) and meridional (Figure S4) surface currents

averaged over the WTNP and ECEP, we find generally good correspondence between the

large-scale time-mean and time-variable surface flows from ECCOv4 and OSCAR. Over

both the WTNP and the ECEP, ECCOv4 and OSCAR portray consistent westward sur-

face flow in the time mean, reflective of the North Equatorial Current and South Equa-

torial Counter Current, respectively (Figure S3). In these regions, ECCOv4 and OSCAR

also both show clear seasonal cycles in zonal velocity as well as substantial interannual

variability (e.g., strong flow reversal in the ECEP during 1997 and 1998). In both the

WTNP and the ECEP, ECCOv4 explains 93% of the monthly variance in large-scale OS-

CAR zonal surface currents. Note that we have defined the variance explained in one time

series x by another time series y as

V (x, y) = 100%×
[
1− σ2 (x− y)

σ2 (x)

]
(S1)

where σ2 is the variance operator. Given this definition, V ranges from −∞ to 1, with53

values near 1 achieved if and only if x and y share similar magnitude and timing, and54

negative values possible if x and y are out of phase or y has relatively large variance55

compared to x.56
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The two products also show good agreement in terms of meridional surface currents57

in the WTNP and ECEP (Figure S4). In the WTNP, ECCOv4 and OSCAR both show58

predominantly northward surface flow, with variability largely controlled by a prominent59

seasonal cycle, but also featuring variability on intraseasonal and interannual timescales60

(Figure S4a). Averaged over the WTNP, ECCOv4 explains 81% of the variance in monthly61

OSCAR meridional surface currents. In the ECEP, ECCOv4 and OSCAR meridional62

flows vary about a roughly zero mean, partly reflecting the facts that surface meridional63

velocities are largely poleward in this area, and that our choice of control region includes64

equal areas north and south of the equator (Figure S4b; cf. Figure S1a). Although65

ECCOv4 and OSCAR show hints of a seasonal cycle in ECEP meridional velocity, the66

flow variance in both products is largely nonseasonal in nature, with some particularly67

noteworthy events including anomalous northward flow during 1998, which is somewhat68

stronger in ECCOv4 compared to OSCAR. The correlation coefficient between meridional69

surface currents from ECCOv4 and OSCAR averaged over the ECEP is modest (0.52);70

but because variability is larger in ECCOv4 than in OSCAR, ECCOv4 explains −20%71

of the variance in monthly OSCAR values in this region (i.e., subtracting ECCOv4 from72

OSCAR over the ECEP increases, rather than decreases, the variance in the time series).73

In sum, while differences are apparent (e.g., small-scale spatial structure, temporal74

variability in extratropical areas), our comparison between OSCAR and ECCOv4 surface75

currents demonstrates that ECCOv4 gives a reasonable portrayal of the general features76

of the large-scale surface circulation in the tropical study region.77
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S1.2. TAO/TRITON currents and temperatures

Monthly in situ observations of subsurface temperature, depth of the 20◦C isotherm, and78

subsurface horizontal velocity from the TAO/TRITON moorings (McPhaden et al., 1998;79

Ando & Kuroda, 2002) during 1992–2015 were taken from the Global Tropical Moored80

Buoy Array (GTMBA) Data Display and Delivery service at the National Oceanic and At-81

mospheric Administration (NOAA) Pacific Marine Environmental Laboratory (PMEL).82

To compare ECCOv4 and TAO/TRITON, we take the ECCOv4 values from the model83

grid cell whose centroid is nearest to the latitude, longitude, and depth of the relevant84

TAO/TRITON mooring measurement. Gaps are given to the ECCOv4 time series when-85

ever TAO/TRITON data values are missing or unavailable.86

Comparisons between TAO/TRITON and ECCOv4 are shown in Figures S5–S14. Con-87

sidering temperatures at 100-m and 300-m depth from 68 mooring locations, we find that88

ECCOv4 realistically represents the basic spacetime structure of temperature variation89

measured by TAO/TRITON (Figures S5–S8). In the time mean, both TAO/TRITON90

and ECCOv4 show cooler temperatures at 100 m (15–20◦C) in the eastern tropical Pacific91

and warmer temperatures at that depth (25–30◦C) in the western tropical Pacific, such92

that ECCOv4 explains 98% of the spatial variance in time-mean 100-m temperatures from93

TAO/TRITON (Figures S5a, S5b). At 300 m, relatively warmer temperatures (11–13◦C)94

are observed in both TAO/TRITON data and the ECCOv4 estimate along the southern95

and eastern portions of the equatorial Pacific, whereas comparatively cooler temperatures96

(9–11◦C) are consistently seen along the northern and western reaches of the observing97

array, with ECCOv4 explaining 86% of the variance between moorings in observed time-98

mean 300-m temperatures (Figures S6a, S6b). We note that ECCOv4 has a slight warm99
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bias at 100 m, such that model temperatures can be ∼ 1◦C warmer than in the data100

on average (Figure S5c). No such systematic temperature offset in ECCOv4 relative to101

observations is obvious at 300 m (Figure S6c).102

Both ECCOv4 and TAO/TRITON paint similar portraits of monthly temperature vari-103

ability at 100-m depth, with both model and data showing elevated temperature variabil-104

ity (σ & 2◦C) in areas within the WTNP and ECEP study regions (Figures S5d, S5e).105

Variability in model-data temperature differences at 100-m is generally smaller than vari-106

ability in either ECCOv4 or TAO/TRITON individually (cf. Figures S5d–S5f), attesting107

to the overall agreement between ECCOv4 and TAO/TRITON. At 300 m, ECCOv4 and108

TAO/TRITON exhibit similar qualitative patterns of temperature variation, with stronger109

variability σ ∼ 1◦C apparent at the more southwestern moorings and weaker variability110

σ ∼ 0.1◦C seen across the more northern TAO/TRITON sites (Figures S6d, S6e). Some111

quantitative differences are apparent, such as the fact that ECCOv4 underestimates the112

observed temperature variability at 300 m at some of the westernmost and easternmost113

mooring locations on the equator (Figures S6d–S6f).114

A closer look at large-scale temperature behavior relevant to our study is afforded by115

Figures S7 and S8, which show ECCOv4 and TAO/TRITON temperature time series116

averaged over mooring locations in the WTNP and ECEP study regions at 100-m and117

300-m depth, respectively. In the WTNP, ECCOv4 and TAO/TRITON show comparable118

mean temperatures of 26–27◦C at 100 m (Figure S7a). Model and data also show similar,119

mostly nonseasonal variability in this region at this depth, which is punctuated by a few120

interannual cooling events (e.g., in 1998, 2003, and 2010), such that ECCOv4 explains121

81% of the monthly 100-m temperature variance from TAO/TRITON. Over the ECEP,122
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model and data yield time-average 100-m temperatures of 22–23◦C (Figure S7b). In terms123

of ECEP 100-m temperature variability, there is good agreement between ECCOv4 and124

TAO/TRITON, such that the former explains 91% of the variance in the temperature125

record from the latter, with both showing clear seasonal variations superimposed on non-126

seasonal (interannual and decadal) fluctuations. We note that, in both regions, a subtle127

large-scale time-mean warm bias in ECCOv4 compared to TAO/TRITON is again appar-128

ent (cf. Figure S5). We also note that 100-m temperature time series from both ECCOv4129

and TAO/TRITON over the WTNP and ECEP show analogous temporal behavior to130

the corresponding regional ζ time series from ECCO and CSIRO from Figure 2. This is131

consistent with our interpretation in the main text that the regional ζ changes are largely132

thermosteric in nature, and mostly reflect upper-ocean temperature changes.133

Correspondence between large-scale ECCOv4 and TAO/TRITON is also reasonable at134

300 m (Figure S8). Agreement is particularly good over the ECEP, where model and135

data give mean 300-m temperatures of ∼ 11◦C, and ECCOv4 explains 69% of the ob-136

served variance (Figure S8b). Agreement is also good in the WTNP, where ECCOv4137

and TAO/TRITON both yield time-mean temperatures at 300 m of ∼ 10◦C, and EC-138

COv4 explains 43% of the monthly variance in the TAO/TRITON temperature record139

(Figure S8a)140

Another view onto how well ECCOv4 captures the space- and time-varying ocean tem-141

perature structure from TAO/TRITON is provided by Figures S9 and S10, which compare142

the model to data in terms of the depth of the 20◦C isotherm (D20). Considering the time-143

average spatial pattern of D20 across the equatorial Pacific, ECCOv4 and TAO/TRITON144

agree very closely, with both showing that D20 is relatively shallower across the east-145
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ern equatorial Pacific (∼ 50 m) and deeper to the south and west of the observing array146

(∼ 200 m), off the coast of Papua New Guinea and the Solomon Islands (Figures S9a, S9b).147

Time-mean differences between model and data D20 values are generally smaller by com-148

parison (Figure S9c). The model also captures the overall spatial structure of observed149

monthly D20 variability, with standard deviations & 30 m at some locations in both EC-150

COv4 and TAO/TRITON (Figures S9d, S9e), whereas (excepting a few moorings to the151

north and west of the array) variability in D20 model-data differences is generally . 10152

m (Figure S9f).153

Considering time series of large-scale spatial averages of D20 across mooring locations154

within the WTNP and ECEP, we see that the model and data are in tight agreement155

(Figure S10). Depending on region, ECCOv4 explains 90%–92% of the variance in the156

large-scale D20 time series from TAO/TRITON. We note that regional D20 time series157

from ECCOv4 and TAO/TRITON in Figure S10 show similar temporal behavior to the158

regional ζ time series from ECCOv4 and CSIRO in Figure 2, again consistent with our159

earlier interpretation of ζ changes in terms of thermosteric behavior, and deepening and160

shoaling of isotherms.161

In addition to temperature observations, horizontal velocity measurements made by162

current meters are available from a few TAO/TRITON moorings. Given the preceding163

comparisons between ECCOv4 and OSCAR surface currents, we restrict comparisons164

between currents from ECCOv4 and TAO/TRITON to a couple equatorial sites where165

long subsurface current records are available at multiple depths (Figures S11–S14). In166

Figure S11, we compare zonal velocities at 45-, 80-, and 120-m depth from ECCOv4 and167

TAO/TRITON at 220◦E in the ECEP. At all depths, the data show mean eastward zonal168
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flow, reflecting the Equatorial Undercurrent. The observed speed increases from 0.2 m169

s−1 at 45 m to 1.1 m s−1 at 120 m. The Equatorial Undercurrent is also apparent in170

ECCOv4, but its strength is weaker in the model than in observations (e.g., modeled171

mean flow of 0.6 m s−1 at 120-m depth). In terms of temporal variability, the model172

performs well relative to the data, such that ECCOv4 explains 68%, 61%, and 73% of173

the variance in the available zonal current observations. Similar conclusions follow from174

a comparison of subsurface ECCOv4 and TAO/TRITON zonal velocities at 165◦E along175

the southern boundary of the WTNP (Figure S12). The ECCOv4 solution captures very176

well the observed variations in subsurface zonal currents, the model explaining 72%, 64%,177

and 60% of the measured variance at 50-, 100-, and 200-m depth. At depths of 50 and178

100 m, ECCOv4 and TAO/TRITON fluctuate about a nearly zero mean, but at 200-m179

depth the observed eastward mean zonal flow of 0.5 m s−1 is underestimated as 0.2 m s−1
180

in ECCOv4.181

In Figures S13 and S14, we compare subsurface equatorial meridional currents from182

TAO/TRITON and ECCOv4 at the same longitudes and depths. The ECCOv4 solution183

gives a reasonable depiction of the observed mean subsurface meridional flows, in the sense184

that both the model and the data depict currents that fluctuate about near-zero time-mean185

values. However, ECCOv4 has trouble simulating the magnitude of observed variability186

in deeper meridional currents. For example, at 120-m depth at 220◦E (Figure S13c) and187

200-m depth at 165◦E (Figure S14c), observed current variations reach ±10 cm s−1 or188

more, whereas fluctuations in the corresponding currents in ECCOv4 are a couple cm s−1
189

or less. More generally, ECCOv4 explains 3%, −2%, and 7% of the variance observed at190
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220◦E from 45-, 80-, and 120-m depth, and 32%, −4%, and 3% of the variance observed191

at 165◦E from 50-, 100-, and 200-m depth.192

Based on these comparisons between TAO/TRITON and ECCOv4, we conclude that193

the state estimate realistically simulates the spatiotemporal structure of temperature vari-194

ation in the tropical Pacific over the study period (Figures S5–S10). The ECCOv4 solution195

also performs well in reproducing the observed subsurface zonal flow field along the equa-196

tor, realistically capturing important characteristics of the mean Equatorial Undercurrent197

and its time variability (Figures S11–S12). The model reproduces gross features of the198

mean cross-equatorial subsurface meridional flow field, but has difficulties simulating the199

finer details of the time-variable flows below the surface (Figures S13–S14).200

S1.3. OAFlux surface heat fluxes

Net surface heat fluxes from OAFlux (Yu & Weller, 2007) were retrieved from the201

project’s website at the Woods Hole Oceanographic Institution (WHOI). The OAFlux202

project estimates air-sea heat, freshwater, and momentum fluxes using variational objec-203

tive analysis applied to atmospheric state variables (wind speeds, surface temperatures,204

etc.) from reanalysis products and satellite missions. Here we use Version 3 of OAFlux,205

which is provided on a regular 1◦× 1◦ global grid at monthly intervals during 1983–2009.206

To compare OAFlux and ECCOv4, we bilinearly interpolate OAFlux onto the native207

ECCOv4 horizontal grid, and consider values over the 1992–2009 overlap period.208

We compare ECCOv4 and OAFlux in Figures S15–S17. The two products show sim-209

ilar spatial patterns of time-average surface heat flux over the Pacific Ocean, both with210

strong positive values & 150 W m−2 (heat entering the ocean) along the eastern equa-211

torial cold tongue, strong negative values . −150 W m−2 (heat leaving the ocean)212
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around the Kuroshio Current and its extension, and more modest values elsewhere (Fig-213

ures S15a, S15b). While patterns of spatial variation are very similar between the two214

products, there is a systematic difference between ECCOv4 and OAFlux in the time215

mean, such that surface heat fluxes are consistently 10–40 W m−2 more positive on av-216

erage across the Pacific (more heat entering the ocean) in OAFlux (Figure S15c). The217

ECCOv4 solution and OAFlux product also give analogous spatial patterns of temporal218

variability in surface heat flux, with lowest levels of variability . 50 W m−2 occurring219

along the equatorial Pacific Ocean, and strongest levels & 150 W m−2 found over the220

Kuroshio Current (Figures S15d, S15e). Variability in the difference between ECCOv4221

and OAFlux heat fluxes is generally small compared to the variability in surface heat flux222

from either product individually (Figures S15d–S15f).223

In Figure S16, we compare time series of surface heat flux from ECCOv4 and OAFlux224

averaged over the WTNP and ECEP. In both regions, the two products show consis-225

tent temporal variability, featuring clear annual and semiannual cycles superimposed on226

nonseasonal variability at higher intraseasonal and lower interannual and decadal frequen-227

cies. The ECCOv4 time series explain 74% and 69% of the total monthly variance in the228

corresponding OAFlux time series over the WTNP and ECEP, respectively.229

Notwithstanding these similarities, some differences are apparent between ECCOv4 and230

OAFlux, particularly at low frequency. For example, there is a negative trend in OAFlux231

over the WTNP relative to ECCOv4, such that the difference in heat flux between the232

two shrinks from ∼ 30 W m−2 during 1992–1996 to ∼ 20 W m−2 during 2005–2009233

(Figure S16a). Such low-frequency differences are accentuated by taking time integrals of234

the time series in Figure S16 to convert from heat-flux units to units of ocean heat content,235
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which are shown in Figure S17. The integrated ECCOv4 and OAFlux time series both236

attest to substantial variability in ocean heat content, and hence ζ, over the WTNP237

and ECEP, but they show important differences in terms of timing and magnitude. For238

example, compared to ECCOv4, amplitudes of decadal change inferred from OAFlux are239

more exaggerated in the WTNP, but more muted in the ECEP (Figure S17).240

These comparisons demonstrate that OAFlux and ECCOv4 are in broad agreement in241

terms of overall magnitudes and spatiotemporal patterns of surface heat flux over the242

Pacific during 1992–2009. Moreover, they support the qualitative conclusion articulated243

in the main text that local surface heat fluxes are important, but previously overlooked244

contributors to decadal variability in large-scale heat content and ζ over the WTNP and245

ECEP. However, they also clarify that there can be important discrepancies between246

different heat-flux products, which can translate to systematic uncertainties in terms of247

their detailed contributions to heat content and ζ changes, which should be the focus of248

future study.249
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Figure S1. (a) Shading shows time-mean 15-m zonal velocities (m/s) computed from monthly

OSCAR data during 1993–2015. Black contour is the zero crossing. White boxes are the WTNP

and ECEP study regions. (b) As in (a) but computed from the ECCO estimate. (c) As in (a)

but computed from the difference between the data and the estimate (OSCAR minus ECCO).

(d) Shading shows standard deviations in 15-m zonal velocity (m/s) from monthly OSCAR data

during 1993–2015. (e) As in (d) but computed from the ECCO estimate. (f) As in (d) but

computed from the difference between the data and the estimate (OSCAR minus ECCO).
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Figure S2. (a) Shading shows time-mean 15-m meridional velocities (m/s) computed from

monthly OSCAR data during 1993–2015. Black contour is the zero crossing. White boxes are

the WTNP and ECEP study regions. (b) As in (a) but computed from the ECCO estimate. (c)

As in (a) but computed from the difference between the data and the estimate (OSCAR minus

ECCO). (d) Shading shows standard deviations in 15-m meridional velocity (m/s) from monthly

OSCAR data during 1993–2015. (e) As in (d) but computed from the ECCO estimate. (f)

As in (d) but computed from the difference between the data and the estimate (OSCAR minus

ECCO).
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Figure S3. Monthly time series of 15-m zonal velocity from OSCAR data (black) and the

ECCO estimate (blue) averaged over the (a) WTNP and (b) ECEP.
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Figure S4. Monthly time series of 15-m meridional velocity from OSCAR data (black) and

the ECCO estimate (blue) averaged over the (a) WTNP and (b) ECEP.
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Figure S5. (a) Shading shows time-mean 100-m temperature (◦C) computed from monthly

TAO/TRITON data during 1992–2015. Dashed black boxes are the WTNP and ECEP study

regions. (b) As in (a) but computed from the ECCO estimate. (c) As in (a) but computed from

the difference between the data and the estimate (TAO/TRITON minus ECCO). (d) Shading

shows standard deviations in 100-m temperature (◦C) from monthly TAO/TRITON data during

1992–2015. (e) As in (d) but computed from the ECCO estimate. (f) As in (d) but computed

from the difference between the data and the estimate (TAO/TRITON minus ECCO).
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Figure S6. (a) Shading shows time-mean 300-m temperature (◦C) computed from monthly

TAO/TRITON data during 1992–2015. Dashed black boxes are the WTNP and ECEP study

regions. (b) As in (a) but computed from the ECCO estimate. (c) As in (a) but computed from

the difference between the data and the estimate (TAO/TRITON minus ECCO). (d) Shading

shows standard deviations in 300-m temperature (◦C) from monthly TAO/TRITON data during

1992–2015. (e) As in (d) but computed from the ECCO estimate. (f) As in (d) but computed

from the difference between the data and the estimate (TAO/TRITON minus ECCO).
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Figure S7. Monthly time series of 100-m temperature from TAO/TRITON data (black) and

the ECCO estimate (blue) averaged over the (a) WTNP and (b) ECEP.
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Figure S8. Monthly time series of 300-m temperature from TAO/TRITON data (black) and

the ECCO estimate (blue) averaged over the (a) WTNP and (b) ECEP.
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Figure S9. (a) Shading shows time-mean depth of the 20◦C isotherm (m) computed from

monthly TAO/TRITON data during 1992–2015. Dashed black boxes are the WTNP and ECEP

study regions. (b) As in (a) but computed from the ECCO estimate. (c) As in (a) but computed

from the difference between the data and the estimate (TAO/TRITON minus ECCO). (d) Shad-

ing shows standard deviations in depth of the 20◦C isotherm (m) from monthly TAO/TRITON

data during 1992–2015. (e) As in (d) but computed from the ECCO estimate. (f) As in (d) but

computed from the difference between the data and the estimate (TAO/TRITON minus ECCO).
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Figure S10. Monthly time series of depth of the 20◦C isotherm from TAO/TRITON data

(black) and the ECCO estimate (blue) averaged over the (a) WTNP and (b) ECEP.
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Figure S11. Monthly time series of equatorial zonal velocity at 220◦E from TAO/TRITON

data (black) and the ECCO estimate (blue) from (a) 45-m, (b) 80-m, and (c) 120-m depth.
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Figure S12. Monthly time series of equatorial zonal velocity at 165◦E from TAO/TRITON

data (black) and the ECCO estimate (blue) from (a) 50-m, (b) 100-m, and (c) 200-m depth.

D R A F T August 26, 2019, 6:52pm D R A F T



X - 26 PIECUCH ET AL.: SUPPORTING INFORMATION

Figure S13. Monthly time series of equatorial meridional velocity at 220◦E from

TAO/TRITON data (black) and the ECCO estimate (blue) from (a) 45-m, (b) 80-m, and

(c) 120-m depth.
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Figure S14. Monthly time series of equatorial meridional velocity at 165◦E from

TAO/TRITON data (black) and the ECCO estimate (blue) from (a) 50-m, (b) 100-m, and

(c) 200-m depth.
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Figure S15. (a) Shading shows time-mean net surface heat flux (W/m2) computed from

monthly OAFlux data during 1992–2009. Black contour is the zero crossing. White boxes are

the WTNP and ECEP study regions. (b) As in (a) but computed from the ECCO estimate. (c)

As in (a) but computed from the difference between the data and the estimate (OAFlux minus

ECCO). (d) Shading shows standard deviations in net surface heat flux (W/m2) from monthly

OAFlux data during 1992–2009. (e) As in (d) but computed from the ECCO estimate. (f)

As in (d) but computed from the difference between the data and the estimate (OAFlux minus

ECCO).
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Figure S16. Monthly time series of net surface heat flux from OAFlux data (black) and the

ECCO estimate (blue) averaged over the (a) WTNP and (b) ECEP.
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Figure S17. Monthly time series of the de-trended, time-integrated net surface heat flux

from OAFlux data (black) and the ECCO estimate (blue) averaged over the (a) WTNP and (b)

ECEP multiplied by the surface area of each region to convert to units of ocean heat storage

(1 ZJ ≡ 1021 J).
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