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Abstract: This study investigates the seasonal variability of convective precipitation (cPCP) and
stratiform precipitation (sPCP) in the tropical Pacific, using hindcasts from the European Commu-
nity Earth System model (EC-EARTH). Our analysis revealed that cPCP is primarily driven by sea
surface temperature (SST), with warmer SSTs leading to increased convective activity. In contrast,
thanks to its correlation with SST and also surface solar radiation downwards, results indicate sPCP
is more influenced by atmospheric processes. sPCP and cPCP correlation is positive throughout all
the tropical Pacific region although, their correlation is negative in the eastern Intertropical Conver-
gence Zone (ITCZ). This region has been studied in detail considering the correlation between the
different types of precipitation and the surface latent heat flux (LHF). It has been concluded that
in the eastern ITCZ, LHF contributes to increase cPCP rather than sPCP, explaining the negative
correlation between them. The study also highlights the limitation of observational data, which
usually only provides total precipitation, thereby restraining the ability of the model to predict each
precipitation component accurately. Our findings emphasise the possibility for separating precipi-
tation data into cPCP and sPCP to improve model skill by computing the potential predictability
of both components.

I. INTRODUCTION

Precipitation (PCP) is usually separated in at-
mospheric models into stratiform and convective
components. The European Community Earth System
model (EC-EARTH) parametrises convective processes
using a mass-flux scheme which determines the convec-
tive updrafts and downdrafts while large-scale processes
that involve stratiform precipitation are resolved using
detailed prognostic equations (ECMWF 2016). However,
when it comes to observations, this separation is not al-
ways possible. Some precipitation events are not purely
convective or purely large-scale but exhibit characteris-
tics of both, so reanalysis data usually only provide total
precipitation (Tapiador 2012). To assess prediction skill,
model outputs are compared to observations to evaluate
model performance. If observed PCP is not divided into
convective (cPCP) and stratiform (sPCP) components,
model precipitation skill must rely on total precipitation.
Thereby, the potential benefits of distinguishing between
the two precipitation types are lost. For instance,
the inability to separate observed precipitation does
not allow us to evaluate the model capability to pre-
dict each component and translate it into prediction skill.

Previous research has evaluated model precipitation
skill by examining its correlation with total precipita-
tion observations. Additionally, when assessing precipi-
tation skill on a seasonal timescale, correlation between
PCP and sea surface temperature (SST) is also consid-
ered, due to the impact SST has on PCP (Arakawa and
Kitoh 2004; Chen et al. 2012). The slowly-varying sea
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surface conditions and their influence on the atmosphere
provide seasonal predictability to PCP, thus, frequently
those regions where model seasonal PCP skill is high
do also exhibit a high SST-PCP correlation. In con-
trast, atmosphere dynamics have a much faster variabil-
ity which counters this ocean long-lasting precipitation
forcing. Therefore, to understand the geographical vari-
ations in the SST-PCP correlations and their amplitude,
PCP variability must be divided into two possible mecha-
nisms: sea driven and atmosphere driven. In both mech-
anisms, PCP and SST variability are connected to sur-
face solar radiation downwards (SSRD), since changes in
PCP affect downward solar radiation and, consequently,
end up modifying ocean surface conditions (Kumar et
al. 2013). Therefore, SSRD must be considered in both
oceanic and atmospheric mechanisms. The following
schemes for PCP variability are considered throughout
this study:

Sea− driven : ↑ SST ⇒ ↑ PCP ⇒ ↓ SSRD

Atm− driven : ↑ PCP ⇒ ↓ SSRD ⇒ ↓ SST

In the Sea-driven mechanism, SST anomalies are
considered first. Changes in SST modify the surface
evaporation rate, consequently altering the water vapour
content in the atmosphere. If SST increases (decreases),
the surface evaporation rate is enhanced (reduced).
An increase (decrease) in water vapour concentration
contributes to enhanced (reduced) cloud formation and
therefore an increase (decrease) in PCP (Waliser and
Graham 1993). Moreover, water vapour molecules can
undergo various vibrational and rotational transitions
when exposed to solar radiation at specific wavelengths,
absorbing part of it. Apart from this absorption,
solar radiation can also be partially reflected by clouds
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due to their high albedo (Wallace and Hobbs 2006).
Consequently, the PCP anomalies induced by SST do
also affect SSRD. In this Sea-driven mechanism, SST-
PCP correlation is positive and PCP-SSRD correlation
is negative. On the other hand, in the Atm-driven
mechanism, PCP anomalies are considered first. These
anomalies can be caused by moist (dry) advections that
increase (decrease) the specific humidity and upwards
(downwards) movements that increase (decrease) water
vapour condensation and enhance (reduce) cloud for-
mation (Holloway and Neelin 2009). Considering the
same processes as in the Sea-driven mechanism, due to
these PCP anomalies, SSRD decreases (increases). This
changes in solar radiation reaching the surface leads
to a decrease (increase) in SST. In this Atm-driven
mechanism, SST-PCP correlation is negative as well
as PCP-SSRD correlation. However, these variability
schemes for PCP and the role SSRD plays in them are
very simple. Kumar et al. (2013) suggested that to
understand better how PCP seasonal variability works
and how it is translated into model seasonal prediction
skill, it is necessary to study in detail SSRD and other
surface fluxes, such as latent heat flux (LHF).

When studying seasonal variability, the tropical
Pacific is a particularly important region to consider.
This region is significantly influenced by the El Niño-
Southern Oscillation (ENSO), which has a substantial
impact on global climate patterns. ENSO is a coupled
climate phenomenon with an oceanic and atmospheric
component. Its ocean variability consists of an SST
oscillation with a characteristic period of 2 to 7 years,
occurring in the central-eastern equatorial Pacific. Posi-
tive (negative) SST anomalies are referred to as El Niño
(La Niña). SST anomalies start in early boreal summer,
develop over the equatorial Pacific, and peak in boreal
winter (DJF). This frequency and development of ENSO
events contribute to its high seasonal predictability. The
atmospheric variability of ENSO, known as the Southern
Oscillation, is characterised by an interannual oscillation
in tropical sea level pressure between the western and
eastern tropical Pacific. This oscillation is influenced by
the zonal SST gradient which is defined by a cold SST
tongue along coasts of Peru and Chile in the eastern
Pacific, and a warm SST pool across the Indo-Pacific
region. This SST gradient affects the intensity of the
easterly trade winds over the tropical Pacific (Wang and
Picaut, 2004). At the same time, the trade winds also
modify SST by reducing or enhancing evaporation and
the upwelling of cold water. Bjerknes (1969) recognised
this connection between both oceanic and atmospheric
components and postulated a positive ocean-atmosphere
feedback responsible for the development of ENSO
events.

ENSO events trigger major changes in tropical PCP,
especially in the tropical Pacific, since shifts in convec-
tion regions, such as the Indo-Pacific, occur depending

on the different phases of ENSO. They do also affect
the Intertropical Convergence Zone (ITCZ), which is
the region near the equator where the trade winds
converge, leading to rising air, cloud formation, and
strong precipitation (Xie 2004). The ITCZ main shifts
are in response to the seasonal movement of the maxi-
mum solar radiation, which indicates that it is a region
strongly involved with SSRD. However, the ITCZ is
also enhanced by SST: Positive SST anomalies (El Niño
phase) tend to draw the ITCZ towards them, while nega-
tive SST anomalies (La Niña phase) tend to shift it away.

Given the critical role of ENSO and the ITCZ in
modulating atmospheric circulation patterns in the
tropical Pacific, understanding these phenomena is
essential for comprehending PCP variability. Studying
their impacts on surface fluxes and their interaction
with PCP provide valuable insights into seasonal PCP
variability.

The primary objective of this study is to investigate the
seasonal variability of precipitation (PCP) in the tropi-
cal Pacific. This investigation aims to enhance under-
standing of the mechanisms governing PCP variability
in this region and their implications for global climate
models. First, we consider separating PCP into cPCP
and sPCP and study their climatologies. Afterwards, we
assess which mechanisms are driving each type of PCP
variability studying their correlation with SST first and
SSRD after. Finally, we provide a more complex analy-
sis by evaluating the correlations between PCP-LHF and
SSRD-LHF. Two other surface fluxes and their correla-
tion with PCP have also been studied: sensible heat flux
(SHF) and surface thermal radiation upwards (STRU).
However, since they did not provide relevant information
for the work, only SSRD and LHF will be addressed.
Through the analysis of SST, SSRD and LHF, we ex-
pect to be able to identify how seasonal variation pat-
terns, like ENSO, affect surface fluxes and consequently
how they may affect precipitation. Furthermore, under-
standing the mechanisms driving these changes in surface
fluxes, and investigating their impact on PCP variabil-
ity, can contribute to an improved understanding of the
EC-EARTH model used in this analysis. Specifically, a
detailed analysis of the results aims to enhance under-
standing of the model skill in simulating precipitation
patterns and its possible implications.

II. DATA AND METHODOLOGY

A. Data sets

For the analysis of this study, outputs from the
EC-EARTH model are used. The EC-EARTH model
is a global climate model with coupled atmospheric
and oceanic components. Its atmospheric component
is the Integrated Forecast System (IFS, cycle 36r4)
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of the ECMWF at T255 horizontal resolution which
corresponds approximately to 60 km. Its oceanic
component is the Nucleus for European Modelling of the
Ocean (NEMO, version 3.3.1) at the nominal horizontal
resolution ORCA1 which corresponds to approximately
110 km, coupled to the second version of the Louvain-la-
Neuve (LIM2) sea ice model. Extended winter (NDJF)
is the season chosen for the study since it is the season
when ENSO anomalies are usually at their maximum
and, therefore, its impact on the tropical Pacific is most
pronounced. The data analysed are seasonal hindcasts
initialised on the 1st of November each year over 1993
to 2009 and ending on the 28th/29th of February of
the following year. The simulation for each winter
has been initialised 10 times with slightly different
initial conditions to sample the observational inaccuracy
(Buizza 1999), resulting in a 10-member ensemble
hindcast. More details on the model configuration and
experimented setup can be found in Prodhomme et al.
(2016) and Haarsma et al. (2019).

SST and PCP reanalysis have also been used as obser-
vations to compare with model data: the Hadley Centre
Sea Ice and Sea Surface Temperature data set (HadISST)
and the CPC Merged Analysis of Precipitation (CMAP).
Data resolution is 1o x 1o for HadISST and 2.5o x 2.5o

for CMAP. Since these resolutions are different from the
model one, when computing the correlations between
model data and these reanalysis, a linear interpolation is
made to the model data so the resolutions are the same
as the reanalysis.

B. Methodology

Each model variable studied has a particular mean
state associated with the time period analysed known as
climatology. Climatology is computed as the averaged
value of each variable in each of the 10 members.
The mean of the different model members is known
as the ensemble mean. The reason to compute the
ensemble mean is to retain the variability all members
share and to eliminate the noise that each individual
member has. Anomalies are considered deviations
from the ensemble-mean climatology, and variability
is estimated as the standard deviation of these anomalies.

To evaluate the relationship between the anomalies of
different variables, their correlation coefficient is com-
puted. Correlation value and sign indicate the strength
and direction of the possible connection between them.
We must point out that all correlations between different
variables are be point-to-point, that is, only their correla-
tion at each grid point is assessed. However, possible tele-
connections to ENSO are relevant to our study, and with
point-to-point correlations we may not be able to assess
them. Therefore we compute an index that can describe
the variability of ENSO. To characterise ENSO with an
index, the area-averaged value of SST anomalies in the

central-equatorial Pacific will be computed in the Niño-
3.4 region (5oS–5oN, 190o–240oE) (Deser et al. 2010).
This region is indicated in Fig 1. We call this index the
Niño-3.4. Correlations between Niño-3.4 and any other
variables indicate a possible teleconnection with ENSO.
Furthermore, a correlation t-test, with null hypothesis of
being zero, has been conducted to all correlations. Since
the the sample size is sufficiently large, it is considered to
approximately follow a normal distribution, and therefore
the t-test is valid to evaluate whether the observed cor-
relations between variables are statistically significant.

Figure 1. ENSO index regions from NOAA Climate Predic-
tion Center.

Lastly, to assess the skill of the model, its predictions
must be compared with observational data. As men-
tioned earlier, reanalysis only provide total precipitation
data so the sum of model convective and stratiform pre-
cipitation is considered as the model total precipitation.
Model skill is evaluated with the correlation coefficient
between this total precipitation and the reanalysis pre-
cipitation. Although this comparison is the best way to
assess the capability of the model for prediction, it is im-
portant to note that the analysed model data consists of a
10-member ensemble of hindcasts. This ensemble allows
us to evaluate the model potential predictability. Poten-
tial predictability is the ratio of variance that the model is
capable to consistently predict in its reality, which might
well be different from that in nature. It is computed
as the fraction between the ensemble mean variance and
the total variance, which includes both the predictable
variance and the unpredictable noise variance.

III. RESULTS

Model PCP data is separated into cPCP and sPCP.
To better understand their variability and their cor-
relation with the other variables, we start evaluating
their climatologies, which are presented in Figs 2a and
2b respectively. Comparing both figures, convective
precipitation dominates over all the tropical Pacific. In
cPCP climatology, a wide region with high precipitation
is observed in the Indo-Pacific region, which is known for
high SST, enough to trigger atmospheric deep convection
(Johnson and Xie, 2010). In the central Pacific, two
strips of precipitation are observed: the ITCZ in the
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Figure 2. a) and b): NDJF climatology of model cPCP and sPCP. Both PCP units are mm/day. c) and d): NDJF model
cPCP and sPCP climatology percentage within the climatology of total precipitation. Total precipitation is considered as the
sum of cPCP and sPCP. White lines represent the 50% value.

equatorial region and the Southern Pacific Convergence
Zone (SPCZ) further south. Also, a significant precipita-
tion region is found in cPCP climatology in the Amazon
basin, along with a band in the western South America,
which is the precipitation occurring along the Andes.
The same precipitation patterns are present in sPCP
climatology but with a weaker amplitude compared
to cPCP. However, looking at both climatologies, we
observe a division in the ITCZ into two sections: a
convective part in the western-central region, and a
stratiform part in the eastern region. To visualise this
more clearly, the percentages of cPCP and sPCP relative
to total precipitation, which is the sum of both, are
shown in Figs 2c and 2d respectively. We observe that
in the western-central ITCZ, cPCP is dominant, while in
the eastern ITCZ both cPCP and sPCP have a similar
contribution to total precipitation.

Next, we explore the correlation of cPCP and sPCP
with SST, since oceanic conditions play a major role in
tropical Pacific precipitation variability. By analysing
how cPCP and sPCP respond to variations in SST
we are able to assess if PCP is either Sea-driven (pos-
itive SST-PCP correlation) or Atm-driven (negative
SST-PCP correlation). The correlation coefficients
between SST-cPCP and SST-sPCP are shown in Figs

3a and 3b respectively. Convective precipitation has a
positive correlation with SST throughout the equatorial
Pacific, suggesting a significant influence of SST in
convective patterns. The regions that exhibit the
strongest SST-cPCP correlations include the ITCZ and
the SPCZ, whereas no significant correlation is observed
in the SST cold tongue along the coasts of Peru and
Chile, as well as in the northern central Pacific above
the ITCZ. Stratiform precipitation exhibits a similar
positive correlation pattern with SST along the equator,
although weaker in the western Pacific. In the eastern
ITCZ though, there is a negative SST-sPCP correla-
tion indicating that, unlike other regions, stratiform
precipitation in this area could be Atm-driven. The
PCP mechanisms considered also involve SSRD, so
the SST-SSRD correlation map (Fig 3c) can be useful
to clarify if sPCP is Atm-driven. First of all, in the
western and central Pacific, correlation is negative, with
the ITCZ exhibiting the strongest negative correlation,
indicating that this region is mainly Sea-driven. Con-
versely, in the eastern ITCZ, the SST-SSRD correlation
is positive, confirming that at least sPCP in this region
is primarily driven by atmospheric processes. However,
as mentioned earlier, SST-cPCP shows a positive
correlation (Fig. 3a), indicating that convective precip-
itation in this area is also influenced significantly by SST.
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Figure 3. a), b) and c): Correlation coefficient between model
SST and model cPCP, sPCP and SSRD respectively. SSRD
flux is defined positive downwards. Statistically significant
regions at 95% confidence level are hatched.

With this first analysis, we observe that throughout the
tropical Pacific, PCP is strongly influenced by oceanic
variability rather than atmospheric variability. However,
in the eastern ITCZ, cPCP and sPCP exhibit a different
behaviour compared to the PCP in the western-central
ITCZ. In the eastern ITCZ section, SST-sPCP correla-
tion is negative, while SST-cPCP correlation is positive,
suggesting that sPCP is controlled by an Atm-driven
mechanism and cPCP by a Sea-driven mechanism. How-
ever, the positive SST-SSRD correlation indicates that an
Atm-driven mechanism might be occurring in the east-
ern ITCZ. To further understand this, we can examine
the correlation maps between SSRD-cPCP and SSRD-
sPCP presented in Figs 4a and 4b respectively. For both
PCP variability mechanisms considered, PCP-SSRD cor-
relation is negative, since changes in cloudiness due to
precipitation and SSRD tend to be opposite. This nega-
tive correlation is observed overall in both SSRD-cPCP
and SSRD-sPCP correlation maps all across the trop-
ical Pacific. However, a significant SSRD-cPCP posi-
tive correlation appears in the eastern ITCZ. A positive
correlation between SSRD and PCP was not considered

Figure 4. a) and b): Correlation coefficient between model
SSRD and model cPCP and sPCP respectively. SSRD flux
is defined positive downwards. c): Correlation coefficient be-
tween model cPCP and sPCP. Statistically significant regions
at 95% confidence level are hatched.

in either the Sea-driven or the Atm-driven mechanisms,
therefore these mechanisms might not be able to describe
accurately how PCP variability functions in this region.
Further south, there is also a positive SSRD-cPCP cor-
relation, but it will not be assessed here since, as shown
in the PCP climatologies, that region usually has little
precipitation. On the other hand, sPCP-SSRD correla-
tion is negative throughout the tropical Pacific, includ-
ing the eastern ITCZ, and does not have any significant
positive correlations. After examining these correlations,
we observe that the eastern ITCZ suggests a new PCP
scheme where precipitation is separated into convective
and stratiform components:

sPCP : ↑ sPCP ⇒ ↓ SSRD ⇒ ↓ SST

cPCP : ↑ cPCP ⇒ ↑ SSRD ⇒ ↑ SST

While the sPCP scheme in the eastern ITCZ is equal
to the Atm-driven mechanism, cPCP there is positively
correlated with both SST and SSRD, which does not
correspond to any of the PCP mechanisms considered.
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Figure 5. a), b) and c): Correlation coefficient between model
surface LHF and model cPCP, sPCP and SSRD respectively.
LHF is defined positive upwards and SSRD is defined positive
downwards. Statistically significant regions at 95% confidence
level are hatched.

A more complex analysis is needed to understand this
behaviour. The first step is to examine the correlation
between cPCP and sPCP, shown in Fig 4c. Stratiform
and convective precipitation are positively correlated
throughout the tropical Pacific, indicating that their
variability tends to be synchronous. However, they are
negatively correlated in the eastern ITCZ. This negative
correlation suggests that when one component shows a
negative anomaly (e.g., a decrease in sPCP), the other
one shows a positive anomaly (e.g., an increase in cPCP).

To further understand this contrasting behaviour of
cPCP and sPCP in the eastern ITCZ, we need to con-
sider the role of LHF influencing precipitation patterns.
LHF, which represents the energy transferred from the
ocean to the atmosphere due to evaporation, is defined
positive upwards. Figs 5a and 5b show the correlation
coefficient of LHF-cPCP and LHF-sPCP respectively. In
the eastern ITCZ, correlation between LHF and cPCP
is predominantly positive. This suggests a strong ocean-
atmosphere interaction: higher SST leads to increased
evaporation and therefore increased LHF. Subsequently,

there is an increase in cPCP driven by this initial SST
anomalies. On the other hand, correlation between LHF
and sPCP in the eastern ITCZ is generally negative indi-
cating that increased latent heat flux is associated with
decreased stratiform precipitation. This negative cor-
relation could suggest that when more energy is trans-
ferred from the ocean to the atmosphere through evap-
oration, the conditions become more favourable for con-
vective processes and stratiform precipitation decreases,
consistent with the negative correlation between cPCP-
sPCP (Fig 4c). Fig 5c shows the correlation coefficient
of LHF and SSRD. SSRD is defined positive downwards,
while LHF is defined positive upwards. Therefore, corre-
lations can be interpreted similarly to those with scalar
fields: positive correlation between these two fluxes indi-
cates simultaneous increase or decrease in their respec-
tive directions, while negative correlation indicate that
an increase in one flux is associated with a decrease in
the other. A positive LHF-SSRD correlation is observed
over the eastern ITCZ. These result helps closing the cor-
relation scheme between cPCP and sPCP in the eastern
ITCZ: decrease (increase) in sPCP is associated with an
increase (decrease) of SSRD which leads to an increase
(decrease) in SST, hence an increase (decrease) in LHF
which then increases (decreases) cPCP. A scheme for this
mechanism is presented in Fig 6.

Figure 6. PCP scheme for the eastern ITCZ

Additionaly, LHF correlation maps (Fig. 5) suggest
much more about PCP variability. In the western-central
Pacific, correlation dipoles appear in the ITCZ region
for both cPCP-LHF and sPCP-LHF. These dipoles sug-
gest a complex interaction between LHF and precipita-
tion patterns, probably influenced by ENSO. During El
Niño events, anomalous warming in the central and east-
ern Pacific trigger shifts in the ITCZ, altering precipi-
tation patterns in this region. The positive correlation
areas in these dipoles, at the equatorward flank, could
represent regions where increased SST and associated
LHF enhance both cPCP and sPCP, aligning with the
warm phase of ENSO. Conversely, the negative correla-
tion areas, at the poleward flank, might indicate regions
where the usual precipitation patterns are disrupted, due
to this ITCZ latitudinal shift. In the eastern ITCZ, a
dipole is observed for sPCP, also suggesting a potential
shift of precipitation towards the equator during El Niño
events. This potential shift might contribute to decrease
(increase) cloudiness in the eastern ITCZ and influence
the SSRD, leading to increased (decreased) cPCP as dis-
cussed above. The absence of an LHF-cPCP correlation
dipole in the eastern ITCZ further strengthens this idea.

Treball de Fi de Master 6 Barcelona, June 2024



Understanding EC-EARTH winter mean precipitation over the tropical Pacific Rubèn Burillo Mart́ı

Figure 7. a), b) and c): Correlation coefficient between model
Niño-3.4 index and model cPCP, model sPCP, and CMAP
precipitation reanalysis respectively. Statistically significant
regions at 95% confidence level are hatched.

To further explore The ENSO effect on precipitation,
the Niño-3.4 index is analysed. As mentioned in the In-
troduction, ENSO variability is well represented with this
index, so correlations between other variables and Niño-
3.4 are no longer point-to-point, but connected to ENSO
variability. Figs 7a, 7b, and 7c show the correlation coef-
ficients between Niño-3.4 and cPCP, sPCP, and CMAP
total precipitation, respectively. Positive (negative) cor-
relations indicate an increase (decrease) of precipitation
during a positive ENSO phase (El Niño). Positive cor-
relations in the central and eastern Pacific and negative
correlations in the western Pacific are observed for all
three maps. For both sPCP and cPCP, a correlation
dipole is observed at the western-central ITCZ region,
indicating a decrease in precipitation north of the cli-
matological ITCZ and an increase towards the equator
during El Niño events. A dipole in the eastern ITCZ
is observed only in sPCP, reinforcing our earlier find-
ing of the latitudinal shift of stratiform precipitation to-
wards the equator during El Niño. On the other hand,
cPCP is positively correlated in this region, indicating
that convective precipitation increases not only at the

Figure 8. a) and b): Model cPCP and sPCP potential pre-
dictability. c) Correlation coefficient between observed and
simulated total precipitation. Model total precipitation is
considered as the sum of cPCP and sPCP. Statistically sig-
nificant regions at 95% confidence level are hatched.

equator but also in the eastern ITCZ. This pattern is
consistent with the LHF correlations, in Figs 5a and 5b,
where warmer SSTs lead to enhanced convective activity
rather than stratiform precipitation. The CMAP corre-
lation map with the Niño-3.4 index resemble those in the
model, with positive correlations in the central and east-
ern Pacific and negative correlations in the western Pa-
cific. This map confirms that total precipitation during
El Niño events generally increases in the central and east-
ern equatorial Pacific, and decreases further north. How-
ever, it is important to note that the correlation pattern
in CMAP is not exactly the same as those in the cPCP
and sPCP correlation maps. For example, the eastern
ITCZ or the SST cold tongue do not have much correla-
tion with ENSO according to Fig 7c. These discrepancies
might be caused because we are comparing the total pre-
cipitation of the reanalysis with model cPCP and sPCP.
The mixed variability these two components have, could
lead to the differences observed in the total precipitation
of the reanalysis.
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Climate models have made significant progress in sim-
ulating precipitation patterns by separately identifying
cPCP and sPCP. This separation allows models to cap-
ture their distinct responses to climatic drivers such
as ENSO. However, when assessing model performance,
the focus is typically on total precipitation, which may
present significant challenges due to the mixed variabil-
ity of cPCP and sPCP, as we just discussed. So, be-
fore dealing with model total PCP skill, we can evaluate
the potential predictability of cPCP and sPCP individ-
ually. Figs 8a and 8b show cPCP and sPCP potential
predictability respectively. Fig 8c depicts the skill of the
EC-EARTH hindcasts in predicting total precipitation,
using CMAP as reference. cPCP and sPCP potential pre-
dictability maps are quite similar. It is observed in both
a large potential predictability throughout all the equa-
torial Pacific. The western-central ITCZ region does also
have high potential predictability but it is lower in sPCP.
However, where cPCP and sPCP differ the most is over
the eastern ITCZ. In cPCP potential predictability we
observe a large spot north of the eastern ITCZ connected
to the equatorial region. In the sPCP map though, po-
tential predictability there is lower. These cPCP and
sPCP differences may explain why model skill, in Fig 8c,
is practically zero in the eastern ITCZ region. The con-
trasting variability of the two PCP components in this
area could result in their cancellation when considered
together, leading to a bad model performance. Although
the separation of PCP has been useful for studying and
evaluating different climate patterns, maybe the model
cannot translate their variability into PCP skill in the
eastern ITCZ since it is not easy to separate observed pre-
cipitation into stratiform and convective precipitation.

IV. CONCLUSIONS

Exploring in detail convective and stratiform precipi-
tation in the tropical Pacific has allowed us to see their
distinct mechanisms and responses to climate variability.
We conclude that cPCP is primarily driven by SST,
with warmer SSTs leading to increased convective
activity and, on the other hand, sPCP can be more
influenced by atmospheric processes. This difference is
particularly evident in the target region of the study,
the eastern ITCZ. There, sPCP variability is opposite
to cPCP. Thanks to the study of LHF correlation with
both PCP components, we can conclude that LHF
substantially contributes to increase cPCP rather than
sPCP, explaining the negative correlation between them
in the eastern ITCZ. Additionally, both types of precip-
itation have a strong correlation with LHF and ENSO
variability which are mainly the ones responsible for
PCP variability there. These correlations also display a
dipole pattern caused by El Niño events, where increased
precipitation occurs towards the equator and decreased
precipitation is found north of the climatological ITCZ.
In the eastern ITCZ though, it is possible for convective

precipitation to increase when the ITCZ is shifted to
the equator, and therefore no dipole is observed for cPCP.

Our study also claims for the need to distinguish
between the different types of precipitation in obser-
vational data, if at all possible. This is thought to be
responsible for limiting the accuracy of model skill. For
example, in the eastern ITCZ, the contrasting variabily
of cPCP and sPCP can cancel each other, leading to no
prediction skill for total precipitation. Understanding
the dynamics and responses of convective and stratiform
PCP has been essential to understand climate modelling
in the tropical Pacific region. This insight has enhanced
our understanding of the precipitation predictions
formulated by the model.

However, we would like to remark that our analysis is
based on a seasonal-mean scale. To improve this study,
separating data into different months instead of consider-
ing a seasonal mean could help improving the time char-
acteristics of the correlations. With this approach, it
would be possible to better understand the regions where
sPCP and cPCP where negatively correlated. For exam-
ple, knowing which one decreases or increases first or if
their variability is cancelling during the whole season or
intra-seasonally can help understanding PCP skill each
month. Also, with this monthly analysis, a time lag cor-
relation could be made between PCP, SSRD and LHF to
confirm the causality of the PCP schemes we have con-
sidered. Finally, we should also consider that some of the
results discussed here are model dependent. So, a multi-
model analysis could be another way forward to improve
the analysis.
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