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Abstract The atmospheric circulation associated with the eastern Pacific single and double ITCZs,
particularly its vertical structure, is little known due to the sparce observations. Using precipitation profiles
from the Tropical Rainfall Measure Mission (TRMM) Precipitation Radar, with approximations to the liquid
water and energy budget equations, we estimated vertical profiles of latent heating and vertical velocity
in the far eastern Pacific (95∘W–85∘W) ITCZs in the 800–730 hPa layer. We combined this with Eastern
Pacific Investigation of Climate campaign (EPIC2001) and other in situ data to produce a preliminary
characterization of the meridional-vertical circulation. We found evidence of a double-cell structure in
boreal fall between the ITCZ and the equator, with both shallow and upper level peaks in vertical velocity.
In spring, the flow poleward of the two ITCZs has a single-cell structure, although around the equator it
shows some hints of the double cells. Reanalysis and satellite-based data are shown to be unreliable for
describing the vertical structure of the circulation.

1. Introduction

The eastern Pacific presents challenges to climate models, particularly the double ITCZ bias [Mechoso et al.,
1995; Flato et al., 2013; Zhang et al., 2015]. In nature, the ITCZ is primarily north of the equator (e.g., Figure 1a),
but it presents double ITCZs in boreal spring [Zhang, 2001] (Figure 1b), albeit with much weaker precipitation
than the models. During extreme El Niño events, the cold tongue disappeared and a single strong ITCZ was
seen south of the equator [Lietzke et al., 2001; Gu et al., 2005].

Air-sea coupling plays a crucial role in the far eastern Pacific climate [e.g., Xie and Philander, 1994; Takahashi
and Battisti, 2007], where the ITCZs, the northeast Pacific warm pool and the Costa Rica Dome, the gap winds
from Central America, [Xie et al., 2005], the equatorial cold tongue [Zhang, 2001], and the southeast Pacific
coastal upwelling and stratus clouds [Philander et al., 1996; Ma et al., 1996] interact, potentially affecting the
climate toward the west [Xie, 1996; Takahashi and Battisti, 2007].

Although air-sea coupling is important for the double ITCZ bias [Lin, 2007; de Szoeke and Xie, 2008], this bias
could be originating in the atmospheric models [Lin, 2007], particularly through the relation between pre-
cipitation and large-scale circulation [Bellucci et al., 2010; Oueslati and Bellon, 2015]. However, despite obser-
vational efforts such as the EPIC project [Cronin et al., 2002; Raymond et al., 2004], our knowledge of the
fundamental characteristics of the circulation in this region remains limited, particularly with respect to the
vertical structure of latent heating in the ITCZs, with apparent discrepancies between Tropical Rainfall Measure
Mission (TRMM)-based retrievals, which indicate a top heavy profile in the Northern Hemisphere (NH) ITCZ
[Schumacher et al., 2004], with in situ observations that support the existence of a shallow meridional over-
turning circulation in this region (e.g., Eastern Pacific Investigation of Climate campaign (EPIC2001) [Zhang
et al., 2004, 2008; Nolan et al., 2007] and the First Global Atmospheric Research Program Global Experiment
[Yin and Albrecht, 2000]), while atmospheric reanalysis data indicate a predominantly bottom heavy profile,
with shallow maximum ascent [Back and Bretherton, 2006, 2009; Handlos and Back, 2014]. Reanalysis data,
however, do not completely reproduce the observed characteristics in the ITCZ region [Hastenrath, 2002],
while TRMM-based retrieval algorithms use vertical structures from look-up tables [Tao et al., 2001, 2006, 2010;
Shige et al., 2004, 2007; Kodama et al., 2009]. On the other hand, there is very little work on the double ITCZ in
spring, which is when models have the worst biases [Zhang et al., 2015].
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Figure 1. Mean 2001–2009 precipitation from PR-TRMM 3B43 in shaded, sea surface temperature from TMI TRMM
in contours and surface wind from QuikSCAT in (a) September–October and (b) March–April. Dark shades denote
topography greater than 500 m. Time-latitude diagrams (average 95∘W–85∘W) of (c) surface precipitation from
PR-TRMM 2A25 in mm d−1 and (d) mean 2–2.75 km latent heat in K d−1.

In this study we sketch a synthetic picture of the climatological meridional circulation in the far eastern Pacific,
for which we revisit existing observations, complemented with the first estimate of monthly mean vertical
profiles of latent heating and vertical air velocity in the ITCZs directly calculated from the TRMM Precipitation
Radar (PR) precipitation profiles.

2. Data and Methodology

Our study region is the far eastern Pacific (95∘W–85∘W; 10∘S–10∘N; Figure 1a), which includes the eastern-
most part of the double ITCZs and the equatorial cold tongue. In addition to the TRMM PR data, within this
domain we have the in situ observations from the EPIC2001 campaign, radiosoundings, the wind profiler radar
on the Galápagos island, and the 95∘W Tropical Atmosphere-Ocean (TAO) mooring line.

2.1. Reanalysis Data
We used atmospheric data from the ERA-Interim [Dee et al., 2011] and National Centers for Environmental
Prediction (NCEP)/National Center for Atmospheric Research (NCAR) reanalysis [Kalnay et al., 1996; Kistler et al.,
2001], which are based on global atmospheric models and data assimilation systems. It should be noted that
variables associated with precipitation are not well constrained by this process [Kalnay et al., 1996], particularly
in the tropics [Janowiak et al., 1998; Wu and Xie, 2003]. We used monthly data on pressure levels, provided on
0.5∘ × 0.5∘ and 2.5∘ × 2.5∘ grids, respectively. The latter was bilinearly interpolated to the former’s grid.
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2.2. Vertical Profiles From TRMM PR
We used precipitation rate (P) profiles from the Tropical Rainfall Measure Mission (TRMM) Precipitation Radar
(PR) [Kummerow et al., 1998]; product 2A25 V7 [JAXA and NASA, 2011], using swaths (220 km wide) with data
in our domain during 1998–2010. The nominal vertical resolution is 0.25 km at the 0.25–20 km altitudes.
The precipitation rate is calibrated for rain and cannot be quantitatively used for solid precipitation [Iguchi
et al., 2000]. There is a theoretical sensitivity limit of 0.4 mm h−1, so the precipitation profiles have artificial
discontinuities near the storm tops, which are intensified near the melting layer at 5 km due to the difference
in the refractive index of water and ice [Short and Nakamura, 2000]. Thus, we limited the analysis to altitudes
below 3 km, only considering profiles with storm tops (highest level with nonzero reflectivity) above 3 km.
This excludes around 45% of shallow profiles, verified to only contribute 4% of total precipitation. Additionally,
since surface clutter [Iguchi et al., 2000] could bias the near-surface results toward heavier rainfall, we limited
the analysis to above 1.75 km, the lowest level with over 60% of complete data. Summarizing, precipitation
was considered every 0.25 km between 1.75 and 3 km.

TRMM 2A25 version 5 agreed well with mooring data but underestimated the accumulated near-surface
precipitation by up to 40% on monthly and seasonal scales [Serra and McPhaden, 2003], while version 6 under-
estimated convective rain rates even more [Tao et al., 2010]. Comparing version 7 with data from TAO moorings
along 95∘W (8∘N, equator and 5∘S) shows that it only underestimates the total rainfall by 11% in the NH ITCZ
(8∘N) and overestimated it by less than 10% in the Southern Hemisphere (SH) ITCZ (5∘S) and the equator
during boreal winter/spring (Figure S1 in the supporting information).

To calculate the large-scale monthly mean net condensation, we can neglect the horizontal transport and
storage terms in the liquid water budget, so we have a balance between net condensation (C) and vertical
divergence of the vertical flux of liquid water (i.e., P, positive toward the surface), i.e., C=−𝜕P∕𝜕z. Derivatives
were estimated using centered vertical differences, so the results are available at the 2, 2.25, 2.5, and 2.75 km
levels (approximately 802, 779, 756, and 734 hPa, respectively, based on mean ERA-Interim geopotential
height over our domain). Latent heat (LH) profiles were estimated from LH=CLv(cp𝜌)−1 in K/d, where Lv is
the latent heat of vaporization, cp is the specific heat of air at constant pressure, and 𝜌 is the air density.

To estimate vertical pressure velocity (𝜔), we assumed that vertical advection of potential temperature bal-
ances LH (i.e., neglecting horizontal advection, turbulent diffusion, and radiative tendencies [Houze, 1989]).
Thus, 𝜔≈ LH(𝜕 ln 𝜃∕𝜕p)−1T−1, where 𝜃 is the potential temperature and T the air temperature. The values for
𝜃, T , and 𝜌 were obtained from ERA-Interim.

The data were averaged zonally within 0.5∘ latitude bins (with approximately 37 profiles per bin per month).
Additionally, we calculated averages within the ITCZ by considering the latitude ranges in which the monthly
zonal mean surface precipitation values from TRMM 2A25 exceeded 2 mm d−1, both in the NH and SH ITCZs.

To the best of our knowledge, this is the first attempt to directly use the TRMM PR precipitation rate profiles to
estimate latent heating. Our method is fundamentally different from the TRMM-based algorithms (section 2.4)
that use prescribed profiles rather than measuring them.

2.3. EPIC2001
We used meridional wind profiles from dropsondes from eight flights during EPIC2001 [Raymond et al., 2004;
de Szoeke et al., 2005] along 95∘W (0∘–12∘N, 1000–500 hPa) during September–October 2001 around 20 UTC
(near the peak in the diurnal cycle of convection [Bain et al., 2010]).

Vertical velocity was estimated by approximating 𝜕𝜔∕𝜕p≈−𝜕v∕𝜕y (i.e., assuming |𝜕v∕𝜕y|≫ |𝜕u∕𝜕x|) and
taking 𝜔=0 at the lowest level. This approximation, as well as the representativeness of the eight flights,
was approximately verified by sampling ERA-Interim reanalysis in the same way and comparing with its actual
values of 𝜔.

We produced a rough estimate of the vertical velocity profile above 500 hPa using the following constraints.
We estimated the latent heat profile between cloud base at 950 hPa (approximately the lifting condensa-
tion level in the EPIC2001 data set) and 500 hPa with the same method as for TRMM PR. Since the total
column-integrated LH is proportional to the net surface precipitation (P) on monthly scales, we used P and the
LH from EPIC2001 to estimate the layer-integrated LH above 500 hPa. We then assumed that the vertical pro-
file in this layer is a cubic function of pressure so that LH (1) is continuous at 500 hPa, (2) is zero at 200 hPa, (3)
has its maximum at 400 hPa [Schumacher et al., 2004], and (4) is energetically balanced so its vertically integral
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between 500 and 200 hPa is given by (LvP)c−1
p − ∫ 950hPa

500hPa LHg−1dp. Finally, the vertical velocity profile above
500 hPa was estimated as before.

2.4. TRMM-Based Latent Heat Retrievals
We compared our results with results from algorithms based partly on TRMM PR: Convective-Stratiform Heat-
ing (CSH6 and CSH7 based in TRMM version 6 and 7, respectively [Tao et al., 2001, 2006, 2010]), Spectral Latent
Heating (SLH) [Shige et al., 2004, 2007], and PR Heating (PRH) [Satoh et al., 2001; Kodama et al., 2009]. These
TRMM-based algorithms use profiles from look-up tables and/or TRMM convective and stratiform classifica-
tion to provide vertical profiles of latent heat, except CSH6, which provides the sum of latent heating, radiative
tendencies and turbulent diffusion profiles, although LH is the largest component in the ITCZ. The profile
shapes were obtained from field campaigns and cloud-resolving models, corresponding to deep-convective
conditions, not necessarily representative of the eastern Pacific.

2.5. Other Data
We also used the TRMM 3B43 version 7 monthly surface precipitation, which is a blend of geostationary satel-
lite data calibrated with microwave and radar data from TRMM [Huffman et al., 2007], as well as the TRMM
TMI version 4 monthly SST [Gentemann et al., 2004]. We also considered precipitation from the 95∘W TAO
mooring line.

For winds, we used the QuikSCAT surface climatology (2000–2009) [Ricciardulli and Wentz, 2011], radiosound-
ings at three stations during 1998–2015 (Acapulco (16.83∘N, 99.96∘W, 3 meters above sea level (masl)), Juan
Santamaria International Airport (9.98∘S, 84.21∘W, 932 masl) and San Cristobal, Galápagos (0.43∘S 89.60∘W,
6 masl)), pilot balloons in Liberia (April 1997–1998, 10.63∘N, 85.44∘W, 80 masl), and the EPIC ship-based
radiosoundings along 95∘W (8∘S–10∘N, April and November 1999 and 2001) [Cronin et al., 2002]. We also ana-
lyzed the monthly mean meridional wind profiles from the 915 MHz wind profiler radar (high mode) in the
Galápagos Islands (1994–2006; 0.9 ∘S, 89.6∘W, 8 masl [Hartten and Gage, 2000]).

3. Results
3.1. Climatological Vertical Motion in the ITCZs
The monthly and latitudinal variability in surface P (Figure 1c) and our 2–2.75 km LH (Figure 1d) are highly
correlated (r ≈ 0.68). In 1998–2010, the double ITCZ was typically observed between February and April, and
to a lesser extent, in May, with the SH branch between 8∘S and 3∘S (Figures 1b–1d and S1), with the exception
of 2005 and 2010. During the extreme El Niño event in 1998, a strong single ITCZ was present across the
equator (Figures 1c and 1d) [Halpern and Hung, 2001; Zhang, 2001]. On average, the NH ITCZ extends between
1∘N and 7∘N in spring, peaking between 4∘N and 5∘N, while in fall (September–October) it is located between
4.5∘N and the coast near 16∘N, peaking around 7∘N (Figure 1a). Our domain edge coincides with the minimum
in precipitation at 10∘N, proposed to be associated with a zonal minimum in SST and the Costa Rica dome
[Xie et al., 2005] (Figure 1a).

The climatological values and the correlation between the interannual anomalies of𝜔 in the ITCZs show good
agreement of our data with CSH6 at the common altitudes and, to a lesser extent, with SLH but not with CSH7
and PRH (Figure 2), whereas both reanalyses overestimate the climatological values by a factor of 2–3. The
seasonal variability of the 800–730 hPa mean 𝜔 is complex. It is more pronounced at the lower levels, with
ascent in March–April reduced to 70% of its annual mean at 802 hPa (Figure S2a), although this reduction
is substantially stronger than in CSH6 (Figure 2). In the SH ITCZ, our estimates indicate that in March 𝜔 is
strongest, even more than in the NH ITCZ around 800 hPa (Figures 2m–2o and S2a).

We find net vertical divergence in both ITCZs in the 800–730 hPa layer (Figures 2 and S2b), implying hori-
zontal convergence, generally consistent with the other TRMM-based algorithms, but the reanalyses show
divergence (Figure 2), associated with the overestimation of the depth of the shallow horizontal outflow up to
600–400 hPa (Figure 2), similar to idealized model simulations [Nolan et al., 2007, 2010]. For the NH ITCZ, we
find that the horizontal inflow in the 800–700 hPa layer contributes up to 60% of the ascending mass flux near
700 hPa in March–April, but this decreases to around 10% in July–November (Figures 2 and S2a). The former
is substantially larger than in CSH6 and other TRMM algorithms, due to the smaller 𝜔 values near 800 hPa. On
the other hand, the 800–730 hPa vertical divergence in the SH ITCZ is substantially smaller than in the NH in
February–April (Figures 2m–2o and S2b).
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Figure 2. Monthly mean climatological (1998–2010) vertical pressure velocity (𝜔; Pa/s) profiles in the (a–l) NH and
(m–o) SH eastern Pacific ITCZ (95∘W–85∘W) derived from TRMM 2A25 (this study; black bar indicates 1 standard error
based on the 13 monthly values); from TRMM-based retrievals: CSH6 and CSH7 (green and yellow), SLH (red), PRH (grey);
and from the ERA Interim and NCEP/NCAR reanalysis (blue and purple).

Although the reanalyses exaggerate the depth of the shallow ascent, its existence has been shown with in situ
observations for the boreal fall [Zhang et al., 2004]. This is clearly shown in our EPIC2001 𝜔 estimate, which
peaks near 870 hPa and is consistent with our TRMM PR estimate (Figure 3e). However, none of the other
TRMM-based estimates shows this shallow peak for September–October 2001 (Figure 3e) or climatologically
(Figures 2i and 2j), indicating that they are not reliable below 700 hPa in this region.

Our EPIC2001-based 𝜔 peak at 400 hPa was −0.12 ± 0.24 Pa/s, consistent with CSH6 (Figure 3e). This value
is similar to the magnitude of the shallow peak and about twice as large as in the two reanalyses (Figure 3e).
Although the uncertainty in our estimated is very large, the weight of the combined evidence supports
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Figure 3. (a) Mean meridional wind (m/s) vertical section along 95∘W in September–October 2001 during EPIC2001.
Meridional wind (m/s) climatology from radiosondes at (b) Galápagos (1999–2015) and (c) Juan Santamaria (1999–2015).
Mean September–October 2001 profiles of (d) near-equatorial meridional wind (m/s) and (e) vertical velocity in the NH
ITCZ. Data are from TRMM 2A25 (with standard error, black solid), EPIC2001 dropsondes (black dotted, standard error
in grey shading), the Galápagos wind profiler (red solid), NCEP/NCAR (purple dashed), ERA-Interim (blue dashed), and
the SLH, PRH, CSH7, and CSH6 retrievals (red, grey, yellow, and green dashed).

the conclusion that the lower and upper tropospheric peaks in 𝜔 in the NH ITCZ during EPIC2001 were
comparable.

3.2. Meridional Flow in Fall
During September–October, the surface meridional wind is southerly up to 10∘N (Figures 1a and S3a), extend-
ing up to 900 hPa north of the equator (Figure 3a), probably somewhat deeper to the south (Figure S4a for
November) and feature maximum surface net convergence in the ITCZ at 6∘N and net divergence south of 4∘N,
maximizing slightly south of the equator (Figure S3b). Around 3∘S, the surface meridional wind would lead
to a convergence maximum, associated to the strong meridional sea surface temperature gradients around
the cold tongue [Wallace et al., 1989] but is canceled by the surface zonal divergence associated with the
descending motion of the Walker circulation [Wang and Enfield, 2003], which also contributes to the equa-
torial divergence and weakens the NH ITCZ slightly (Figure S3b). Above the surface, in situ data show the
shallow meridional circulation, with southerly surface trade winds converging in the ITCZ below ≈870 hPa,
and northerly return flow at 800 hPa diverging from the ITCZ and reaching at least 8∘S [Zhang et al., 2004]
(Figures 3a, 3b, and S4a).

At Galápagos, a southerly midlevel flow (SMF) is seen in the soundings around 700 hPa (Figure 3b) between
March and September (750 and 550 hPa according to the wind profiler; not shown) but transitions to northerly
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Figure 4. Sketch of the climatological meridional circulation in the eastern Pacific (95∘ –85∘W) in (a) September–October and (b) March–April. Horizontal arrows
indicate mean meridional wind (small: 0–2 m/s; medium: 2–6 m/s; large: >6 m/s; double headed: variable), with grey arrows and shading indicating weak
observational constraint. (c and d) Horizontal convergence and divergence, respectively.

in October. During EPIC2001, the SMF was seen between 800 hPa to at least 500 hPa, reaching 6∘N (Figure 3a)
in six out of the eight flights. At that time, it was weaker in the Galápagos profiler than in the equato-
rial EPIC2001 soundings (Figure 3d). This suggests divergence of the equatorial subsidence at these levels
[e.g., Battisti and Ovens, 1995] enhancing the SMF north of the equator. The model simulations of Nolan et al.
[2007, 2010] indicate a “midlevel inflow” between 500 and 350 hPa, consistent with the strong horizontal
convergence around 500–400 hPa in CSH6 (Figures 2i and 2j), although this is at higher altitude and stronger
than the SMF, which is not simulated.

North of 10∘N, EPIC2001 dropsondes (Figure 3a), Santamaria soundings (Figure 3c) and the pilot balloons
in Liberia (not shown) indicate northerly trade surface winds up to 900 hPa, with southerly flow above,
another northerly layer between 850 and 750 hPa, and southerlies up to 400 hPa. Above 350 hPa, soundings
(Juan Santamaria, Figure 3c, and Acapulco, not shown) indicate northerly flow to the north of the ITCZ
and near the equator (Galápagos; Figure 3b), while the horizontal divergence indicated by the CSH6 data
(Figures 2i and 2j) at these levels imply strong northerly flow to the south of the ITCZ.

The Galápagos soundings indicate year-round southerly flow around 400–350 hPa and northerly flow around
550–400 hPa (Figure 3b). Further to the south, the November TAO soundings (Figure S4a) are the only other
upper air wind data south of the equator, but their sparseness and the substantial synoptic-scale variability in
the meridional wind associated with easterly [e.g., Tai and Ogura, 1987], eastward inertio-gravity, and mixed
Rossby-gravity waves [e.g., Wheeler and Kiladis, 1999] limits their usefulness for estimating the mean flow.

Both reanalyses agree with our EPIC2001 𝜔 estimate up to 900 hPa (NCEP-NCAR up to 750 hPa), indicating an
adequate representation of the near-surface horizontal convergence (Figure 3e). However, they both exagger-
ate the extent of the horizontal divergence to at least 600 hPa (≈750 hPa in EPIC2001 and TRMM PR), indicating
that surface flow alone might not be a strong constraint on low-level circulation [cf. Handlos and Back, 2014].
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3.3. Meridional Flow in Spring
During March–April, the surface meridional winds are generally weaker, with southerlies extending to 6∘N
(Figure S3a). We find the ITCZs located around 5∘S and 5∘N, with a symmetric distribution of surface conver-
gence relative to the equator, although precipitation is about twice as large in the northern ITCZ (Figures 1b
and S3b). Zonal surface divergence is small, except north of 5∘N (Figure S3b), associated with the fanning of
the Papagayo gap wind [Chelton et al., 2000a]), which is active during this period [Xie et al., 2005]. The southerly
surface trades around 8∘S are limited to below 700 hPa, with maximum around 970 hPa, according to the TAO
soundings, but becomes shallower (below 900 hPa) and weaker toward the equator (Figure S4b), consistent
with the Galápagos radiosoundings (Figure 3b) and profiler (not shown).

The Galápagos meridional wind profiles (Figure 3b) have a complex structure, with northerly flow around
900–700 hPa and 500–400 hPa and southerly flow around 700–500 hPa (SMF) and 400–300 hPa, while at
200 hPa, the flow transitions from southerly (November–March) to northerly (April–October). The horizontal
divergence around 200 hPa in the SH ITCZ indicated by CSH6 (Figures 2c and 2d) suggests southerly flow
south of the ITCZ, consistent with the TAO soundings (Figure S4b). This is qualitatively consistent with the SH
ITCZ structure in the double-ITCZ run by Nolan et al. [2010, Figure 7], except that the simulated meridional
flow structure is shifted upward by 100–150 hPa.

Around 10∘N, the low-level northerly flow is mainly associated with the Papagayo jet and, to a smaller extent,
the Tehuantepec jet. The Papagayo jet is mostly zonal, with its core extending from the mountain gap around
11.5∘N toward around 9∘N, 95∘W, from the surface to 600 hPa, with its core around 925–850 hPa (Figure S4d).
The TAO soundings at 95∘W show that Papagayo jet flows toward the ITCZ in the 800–600 hPa layer, while
below 900 hPa the fanning or spreading out of the jet as it exits the gap [Chelton et al., 2000a, 2000b] makes
it enter ITCZ south of 10∘N (Figure S4b). The splitting of the jet coincides approximately with the height of
the topography around the gap [e.g., Xu et al., 2005]. Since Santamaria station is at an altitude of 932 masl,
only northerly flow between 880 and 700 hPa is seen, peaking between November and April (Figure 3c).
At upper levels (300–200 hPa), the radiosoundings at Santamaria (Figure 3c) indicate southerly flow
between November and April, approximately consistent with the TAO (Figure S4b) and Acapulco (not shown)
soundings. At midlevels, the sounding data are less coherent, but at Santamaria there is southerly flow around
600–500 hPa (Figure 3c). Since CSH6 indicates horizontal convergence around 500–400 hPa (Figure 2cd),
southerly flow could be expected south of the NH ITCZ, consistent with the TAO soundings (Figure S4b). On
the other hand, the TRMM data indicate strong horizontal convergence between 800 and 700 hPa (Figures 2c
and 2d), suggesting that the Papagayo jet does not exit but rather ascends in the ITCZ (Figure S4b).

4. Discussion

The results above indicate a complex structure of the meridional circulation in the eastern Pacific, which in
the fall can be approximately described as two meridional cells vertically superposed [Nolan et al., 2007, 2010]
(Figure 4a), whereas in spring, the circulation has single-cell structures poleward of the two ITCZs, while just
north of the equator the circulation shows some hints of the double cells (Figure 4b).

Our results warn that both model-based reanalysis or retrieval algorithms based on look-up tables are prob-
lematic for characterizing the convective circulation in this region. Although the EPIC2001 campaign was a
crucial source of information for this study, it is necessary to implement more comprehensive and focused
in situ observations. New satellite missions, such as Global Precipitation Measurement [Smith et al., 2007],
which can measure light rainfall and quantify solid precipitation, and the upcoming ADM-Aeolus [European
Space Agency et al., 2008], which will be able to measure wind profiles, will provide valuable information, but
it will need to be validated. The diurnal cycle of precipitation [Bain et al., 2010] and the meridional circulation
[Takahashi, 2012] should also be taken in consideration. We believe that this region should be an impor-
tant focus for the Tropical Pacific Observing System 2020 project [OOPC, 2014], as this could help hasten our
advances toward identifying and correcting the origin of the pervasive double-ITCZ bias in climate models.
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