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1Department of Mathematics and Statistics, University of Exeter, Exeter, UK, 2Met Office Hadley Centre, Met Office,
Exeter, UK, 3National Centre for Atmospheric Science and Department of Meteorology, University of Reading,
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Abstract The tropical Pacific is warming more in the west than the east. This observed strengthening of the
tropical Pacific east‐to‐west Sea Surface Temperature (SST) gradient is poorly reproduced in climate
models—a prominent model bias with far reaching global impacts. We explore the tropical Pacific SST gradient
response to anthropogenic aerosols in large‐ensembles of CMIP6 simulations between 1950 and 2014. We find
that anthropogenic aerosols are cooling the tropical Pacific—the cooling is more pronounced in the east
Pacific—while greenhouse gases have the opposite response. Tropical Pacific gradient strengthening is not due
to the anthropogenic aerosol effective radiative forcing magnitude or top of atmosphere energy imbalance. This
suggests that pathways connecting the regional radiative response to the tropical Pacific are important. In the
future, all models predict a weakening gradient, irrespective of historical trends. Anthropogenic aerosol forcing
plays an important role in driving changes in tropical Pacific SSTs.

Plain Language Summary The tropical Pacific is the single most important driver of global climate,
evident during El Niño‐Southern Oscillation events which impact weather and climate in all regions. The
equatorial Pacific SST pattern is dominated by a warm pool in the west and cold tongue in the east. This east‐to‐
west SST gradient has strengthened over the last half century—the west Pacific is warming more than the east.
The origins of this strengthening remains illusive, despite many proposed mechanisms. Climate models struggle
to capture the observed strengthening of the tropical Pacific gradient trend. In historical simulations, the
gradient trends are primarily a balance between anthropogenic aerosols that strengthen the trend and greenhouse
gas forcing that weaken the trend. The radiative impact of anthropogenic aerosols can't explain the response of
the tropical Pacific in the models, suggesting the processes that connect regional forcing to the tropical Pacific
response are important. Each model predicts future weakening of the tropical Pacific gradient, irrespective of
their response in historical simulations.

1. Introduction: The Discrepancy Between Observed and Modeled Tropical Pacific
SST Gradient
The response of the tropical Pacific to climate change is of profound importance for predicting future climate
because of its strong influence on atmospheric and ocean circulation, rainfall and temperature patterns, climate
sensitivity and tropical cyclones (Andrews et al., 2018; Good et al., 2021; Lin & Qian, 2019; Lee et al., 2022;
Sobel et al., 2023; Ying et al., 2022). The global importance of the tropical Pacific is evident during El Niño‐
Southern Oscillation (ENSO) events associated with variability in the east‐to‐west sea surface temperature (SST)
gradient. Observed SST trends show warming in the western tropical Pacific while the central and eastern tropical
Pacific have less pronounced warming or even cooling, depending on the time period.

The community is debating the mechanisms for the observed tropical Pacific gradient strengthening (Lee
et al., 2022; Watanabe et al., 2024) and the role that greenhouse gases (Seager et al., 2019) and anthropogenic
aerosols (Heede & Fedorov, 2021; Hwang et al., 2024; Kuo et al., 2023; Verma et al., 2019) play in shaping the
tropical Pacific SST response. Some of the proposed mechanisms include the ocean thermostat (Clement
et al., 1996; Heede et al., 2020), cloud feedbacks (Clement et al., 2009; Ying et al., 2016), land‐sea heating
contrast (Gũnther et al., 2025), and the role of subsurface cooling (Jiang et al., 2025). The variety of mechanisms
highlights the complex nature of the coupling between the ocean and atmosphere.
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Attributing the origins of the observed strengthening trend is further complicated by multi‐decadal natural
variability. The Pacific Decadal Oscillation (PDO) and decadal variability of ENSO are the primary sources of
natural variability that impact tropical Pacific SST trends. Fluctuations in the PDO alone do not explain the
observed trends (Heede & Fedorov, 2023; Wills et al., 2022) and there is growing evidence to suggest the east
Pacific cooling is a forced response (Coats & Karnauskas, 2017; Heede & Fedorov, 2023; Luongo et al., 2023;
Seager et al., 2019; Watanabe et al., 2021). Jiang et al. (2024) proposed that the tropical Pacific forced SST
response is a narrow band of cooling in the eastern equatorial Pacific SSTs and warming elsewhere.

Climate models generally fail to capture the magnitude of the observed strengthening in the SST gradient and
many models have the wrong sign of the trend, that is, a weakening of the SST gradient (Byrne et al., 2025; Jiang
et al., 2025; Olonscheck et al., 2020; Watanabe et al., 2021; Wills et al., 2022). Models which capture the
strengthening of the tropical Pacific gradient may not reproduce the observed behavior for the correct reasons. For
example, Byrne et al. (2025) recently showed that CMIP6 model strengthening is associated with excessive
internal variability and the forced response is a weakening of the gradient trend.

There are many plausible explanations for the discrepancy in tropical Pacific SST trends between observations
and CMIP6 historical simulations. These include: climate model mean‐state biases, missing key processes,
underestimating the internal variability and not capturing the forced response (Heede & Fedorov, 2023; Hwang
et al., 2024; Lee et al., 2022; Rugenstein et al., 2023; Seager et al., 2019; Wills et al., 2022). Pervasive model
biases include the cold tongue bias which is linked to a weaker tropical Pacific SST gradient (Li et al., 2016;
Dhame et al., 2025), the double Intertropical Convergence Zone (ITCZ) bias which may block teleconnections
(Hwang et al., 2024), the surface zonal wind stress (Li et al., 2020) and thermocline structure bias (Dhame
et al., 2025). Model resolution is also important for representing trends in the east Pacific but higher resolution
alone does not bring CMIP6 models into agreement with observed trends (Dhame et al., 2025). The problem is
further complicated by the time dependence of the trend, where the strength of the trend depends on the time
period (Byrne et al., 2025; Olonscheck et al., 2020).

Idealized model studies that abruptly add or remove anthropogenic aerosols have been pivotal for understanding
how their emissions impact the climate. Enhanced cooling in the Northern Hemisphere due to anthropogenic
aerosols emissions creates an energy imbalance with the Southern Hemisphere. The atmosphere redistributes the
energy imbalance by shifting the Hadley circulation southward (Verma et al., 2019), following the energetics
framework (Kang et al., 2018), resulting in a southward shift of the ITCZ. This shift intensifies the trade winds,
resulting in coastal Ekman upwelling, and low cloud wind‐evaporation‐SST (WES) feedback (Hwang
et al., 2024). The ocean also responds on longer timescales, where the subtropical cell strengthens and cools the
east Pacific SSTs (Hwang et al., 2024). These idealized studies have shown that La‐Niña‐like surface warming
results from the combined atmosphere and ocean responses to anthropogenic aerosols.

These idealized studies motivate this work as they have shaped our understanding of how anthropogenic aerosols
impact tropical Pacific SSTs. Our research question is: Do anthropogenic aerosols impact historical tropical
Pacific SST gradient trends? To answer this research question we first explore the tropical Pacific SST trends in
observations and large‐ensembles of historical simulations. Large‐ensemble simulations are ideal for under-
standing the forced response of the tropical Pacific as they capture the range of possible internal variability within
the models. We then use the single‐forcing CMIP6 simulations to explore how anthropogenic aerosols (AA),
greenhouse gases (GHG), and tropospheric and stratospheric ozone (O3) contribute to the historical tropical
Pacific SST trends.

2. Data and Methods
2.1. Observational Data Sets

Three monthly SST observational data sets are used for 1950–2014. First, the National Oceanic and Atmospheric
Administration Extended Reconstructed SST V5 (ERSST5) data set. Second, the COBE‐SST2 SST and Ice data
set. Finally, the Met Office Hadley Center sea ice and SST data set version 2 (HadISST.2.1.0.0), which is a 10
member ensemble data set available until 2010. Each realization is generated by using different bias adjustments
to the data. See Table 1 for data and model citations and Table S1 in Supporting Information S1 for resolution and
ensemble size.
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2.2. Historical and Large Ensemble Model Data

CMIP6 large ensembles with monthly historical surface temperature (ts) data are considered for models with 15 or
more members. Only large ensembles are considered in order to sample the internal variability of each model.
CMIP6 models which contributed at least 15 realizations to the Large Ensemble Single Forcing Model Inter-
comparison Project (LESFMIP) (Smith et al., 2022) are examined further. These single forcing experiments are
piControl simulations in which one historical forcing is applied. These forcing agents include: natural forcing
from solar radiation and volcanic eruptions (hist‐nat), historical well‐mixed greenhouse gases (hist‐GHG), his-
torical anthropogenic aerosol (hist‐aer) and historical ozone (hist‐totalO3). See Milinski et al. (2020) for a
discussion on the importance of ensemble size and the LESFMIP protocol paper Smith et al. (2022) for details of
the experiments. CMIP6 and LESFMIP models are listed in Table 1, and their resolution and ensemble sizes in
Tables S1 and S2 of Supporting Information S1. Only 47 of the 55 available HadGEM3‐GC3.1‐LL members are
used, as only 52 members have unique branching dates and the last five realizations have unrealistic warming
trends beyond 2030 in the piControl simulations (Mutton et al., 2024; Ridley et al., 2022). The GISS‐E2‐1‐G
model is treated as three separate models following Smith et al. (2020) as there are three physics variants: p1
has non‐interactive aerosols and ozone, p3 a one‐moment prognostic aerosols and ozone scheme, and p5 a
quadrature moment scheme (Miller et al., 2021). CanESM5 only have 10 realizations for hist‐totalO3, however,
we included the model in this analysis as the other single‐forcing experiments have 30 realizations each.

2.3. East‐To‐West (E:W) Index Trend

The annual east‐to‐west (E:W) index is defined as: east Pacific SST (5◦S–5◦N, 180◦–80◦W) minus west Pacific
SST (5◦S–5◦N, 110◦E − 180◦) following Watanabe et al. (2021). The ts data is masked to exclude land. The E:W
trend is the least squares linear regression for the 1950–2014 period and multiplied by 100 for “K per century”
trends. We focus on the forced trends in the historical period. We use the 1950–2014 period to maximize the
decadal variability included in the time series, without compromising on data quality prior to 1950 or losing the
signal in the trend over a longer time periods.

3. Results and Discussion
3.1. Observed and Historical CMIP6 Model Tropical Pacific SST Gradient Trends

To provide motivation for the analysis of single‐forcing model trends, we first consider observed and modeled
historical tropical Pacific east‐to‐west SST gradient trends between 1950 and 2014. The observed trends range

Table 1
CMIP6 Models (LESFMIP Models in Bold) and Observations Used in This Study, Their Citation and Data Citation

Model or observations Model citation Data citation

ACCESS‐ESM1‐5 Ziehn et al. (2020) Ziehn et al. (2019)

CanESM5 Swart et al. (2019a) Swart et al. (2019b)

CNRM‐CM6‐1 Voldoire et al. (2019) Voldoire (2018)

EC‐Earth3 Döscher et al. (2022) EC‐Earth Consortium (2019)

GISS‐E2‐1‐G Kelley et al. (2020) NASA‐GISS (2018)

HadGEM3‐GC31‐LL Kuhlbrodt et al. (2018) Ridley et al. (2019)

IPSL‐CM6A‐LR Boucher et al. (2020) Boucher et al. (2018)

MIROC6 Tatebe et al. (2019) Tatebe and Watanabe (2018)

MPI‐ESM1‐2‐LR Mauritsen et al. (2019) Wieners et al. (2019)

NorCPM1 Bethke et al. (2021) Bethke et al. (2019)

UKESM1‐0‐LL (MOHC) Sellar et al. (2019) Tang et al. (2019)

UKESM1‐0‐LL (NIMS‐KMA) Sung et al. (2021) Byun (2020)

ERSST5 Huang et al. (2017a) Huang et al. (2017b)

COBE‐SST2 Hirahara et al. (2014) PSL (2023)

HadISST.2.1.0.0 Titchner and Rayner (2014) Rayner et al. (2003); MOHC (2024)
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from − 0.436 to − 0.183 K per century for the three observational data sets, see Figure 1. These trend values are
consistent with the literature, see Table S3 in Supporting Information S1.

To capture both the internal variability and forced response in the tropical Pacific, we consider historical CMIP6
simulations with large ensembles. Of the 11 CMIP6 large‐ensemble models in Figure 1, six have ensemble‐mean
trends that strengthen like observations while five weaken. The spread in the ensemble‐means between different
models is consistent with the literature (Jiang et al., 2025; Olonscheck et al., 2020; Simpson et al., 2025;
Watanabe et al., 2021; Wills et al., 2022). The one‐sigma range straddles the zero trend line for most models,
except MIROC6 with the largest weakening and UKESM1‐0‐LL the largest strengthening ensemble‐means, 0.30
and − 0.18 K per century respectively. UKESM1‐0‐LL is the only model to have an ensemble‐mean that lies in the
range of observations.

The observed gradient trends are sensitive to the trend period (Byrne et al., 2025; Olonscheck et al., 2020), as
different time periods sample different features of the natural variability and the forced response. During the
1979–2014 period the observed trends are four times larger, however, the models have similar ensemble‐mean
trends, see Figure S1 in Supporting Information S1. As such, the discrepancy between models and observa-
tions are amplified in the 1979–2014 period. While UKESM1‐0‐LL has the largest ensemble‐mean strengthening
trend in the 1950–2014 period, it has a near‐zero trend in the shorter 1979–2014 period. See Supporting Infor-
mation S1 for further discussion on the post‐1979 period.

Figure 1. Observed and CMIP6 large‐ensemble east‐to‐west gradient trends of surface temperature (K per century) for the
period 1950–2014, except HadISST.2.1.0.0 which is 1950–2010. Negative trends correspond to a strengthen trend (east
Pacific cooling or west Pacific warming) and visa versa. Observations in gray include ERSST5 (“x”), COBE‐SST2 (“+”) and
the 10 member HadISST.2.1.0.0 (“O”) data sets. The observational trend range is − 0.436 to − 0.183 (gray column). The
ensemble‐mean of each model is “⋄”. The±1σ range is shown for each model. Under the title of each model is the number of
ensemble members that are within the range of the observations (i.e., lies within the gray column) per ensemble size and the
number of realizations that have a strengthening trend (i.e., a negative trend) per ensemble size.
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3.2. Anthropogenic Aerosol Influence Historical Trends in the Tropical Pacific SST Gradient Trends

Figure 1 motivates our research question for this section: What forcing agents drive historical ensemble‐mean
SST gradient trends? We explore the unique roles of anthropogenic aerosol, greenhouse gas and ozone forcing
in driving the historical tropical Pacific SST gradient trends in climate models. The E:W trends for the 1950–2014
period are shown for each single‐forcing experiment in Figure 2, together with observations and historical
simulations previously shown in Figure 1. Trend maps for the ensemble‐mean historical single forcing simula-
tions are shown in S5–S8 of Supporting Information S1 for each model.

The natural forcings E:W trends are near‐zero in each model, except MPI‐ESM1‐2‐LR (− 0.1 K per century). The
ensemble‐mean SST trend map for the natural forcings is not statistically significant in any region throughout the
tropical Pacific for any of the four model (not shown).

The GHG forcing weakens the E:W gradient in each model, except MPI‐ESM1‐2‐LR which has a near‐zero
ensemble‐mean trend. In CanESM5 and HadGEM3‐GC3.1‐LL, the GHG induced SST warming trend pattern
is statistically significant in all regions, except the Southern Hemisphere eastern subtropical SSTs, see Figures
S5c and S7c in Supporting Information S1. In GISS‐E2‐1‐G andMPI‐ESM1‐2‐LR, the warming is not significant
in the central‐to‐eastern tropical Pacific or the subtropical east Pacific in either hemisphere, see Figures S6c and
S8c in Supporting Information S1). In all four models, the eastern subtropical warming due to GHGs is less
pronounced. In the west Pacific, the SST warming is significant in each model. In the east Pacific, two of the
models have significantly enhanced SST warming compared to the west—weakening the east‐to‐west gradient.

The AA forcing strengthens the SST gradient in the ensemble‐mean in each model except GISS‐E2‐1‐G. Despite
different aerosol parameterizations in the p1 and p3 variants of GISS‐E2‐1‐G, the spread in trends are similar and
both have near‐zero ensemble‐mean trends. AA have broadly cooled the tropics in all four models, however, the
trends in the east and central Pacific are not statistically significant, see Figures S5b–S8b in Supporting Infor-
mation S1. While the MPI‐ESM1‐2‐LR model has the largest ensemble‐mean gradient trend, the SST trends are
not significant throughout the tropical Pacific, see Figure S8b in Supporting Information S1.

The response of the tropical Pacific SSTs to O3 are less robust across models. The ensemble‐mean HadGEM3‐
GC3.1‐LL trends are similar in magnitude for hist‐totalO3 and hist‐aer. The HadGEM3‐GC3.1‐LL and p1 variant
of GISS‐E2‐1‐G have similar hist‐totalO3 ensemble‐mean trends. Unlike HadGEM3‐GC3.1‐LL, the GISS‐E2‐1‐
G model has the opposite trend response for hist‐totalO3 and hist‐aer. The other two models have near‐zero
trends. The spatial pattern of SST trends is not significant throughout the tropical Pacific, see Figures
S5d–S8d in Supporting Information S1. As such, we find no robust response of the SST trends to O3 forcing in
these models. We note that other models, such as CESM (Dong et al., 2025), have shown that O3 impacts the
tropical Pacific SST trend.

Compared to the 1950–2014 period, the models response during the shorter 1979–2014 period is similar in
magnitude to the longer period for each of the single forcing experiments, see Figure S2 in Supporting Infor-
mation S1. However, the observed trends in 1979–2014 are four‐times larger. As such, the discrepancy between
models and observations is much larger in the post‐1979 period. While the HadGEM3‐GC3.1‐LL model
strengthened due to AA forcing in 1950–2014, the trend is near‐zero in the shorter 1979–2014 period.

Next we consider if the sum of the single‐forcing ensemble‐mean E:W trends are equal to the ensemble‐mean
trend in the all‐forcings historical simulations. We do this separately for each model, see Table S4 in Support-
ing Information S1. HadGEM3‐GC3.1‐LL has an ensemble‐mean historical trend of − 0.076 K per century and
the sum of the single forcing ensemble‐means is − 0.070 and for CanESM5 with 0.043 and 0.035, respectively. As
such, these two models have historical SST gradients that can be explained by the linear combination of the GHG,
AA and O3 forcings. However, the other models have larger residuals, suggesting the linear combination of
single‐forcing agents does not fully explain the historical response.

Can the global‐mean radiative forcing due to anthropogenic aerosols explain the inter‐model differences in the
tropical Pacific response? The radiative forcing is a measure of the energy imbalance due to a radiative
perturbation. The Effective Radiative Forcing (ERF) is the Top‐of‐Atmosphere (TOA) flux difference between a
perturbed and control simulation (Smith et al., 2020), where the perturbed forcing of interest in this study is AA
forcing. The ERF due to anthropogenic aerosols (ERFAA) is shown in Figure S9 of Supporting Information S1 for
the CMIP6 historical models seen in Table 1. The ERFAA values are taken from Table 3 of Griffiths et al. (2025)

Geophysical Research Letters 10.1029/2025GL121248
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which used simulations from Radiative Forcing Model Intercomparison Project (RFMIP) (Pincus et al., 2016),
see Supporting Information S1 for more information. The ERFAA spans − 0.59 to − 1.32 W/m2 for the historical
CMIP6 models. The models ERFAA are not correlated with the historical E:W metric trends in 1950–2014, with a
correlation coefficient of 0.19 and broad scatter between the points.

Figure 2. As in Figure 1 but for large‐ensemble single‐forcing simulations. The observations and historical simulations are
the same as Figure 1. The numbers under the model names are the number of ensemble members that strengthen per
ensemble size.
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If the magnitude of global‐mean anthropogenic aerosol forcing is not driving the tropical Pacific response, then
perhaps it is the regional distribution of anthropogenic aerosols and the processes connecting it's radiative
response to changes in the tropical Pacific. We test this by computing the TOA imbalance and shortwave (SW)
TOA imbalance globally and over Asia, for the available CMIP6 models in Table 1. The trend in the E:W gradient
SSTs are not significantly correlated (95% significance threshold) with the SW TOA imbalance due to anthro-
pogenic aerosols in the global‐mean, Asian, China‐only (see Figure S10 in Supporting Information S1) and
Indian‐only (see Figure S11 in Supporting Information S1) regions for 1950–2014.

The choice of time period 1950–2014 strikes a delicate balance between maximizing signal‐to‐noise and aver-
aging across two time periods with differing AA forcing trends. Indeed, the post‐1980s period saw a reduction in
AA forcing due to sulfur dioxide emission reductions across Europe and North America, in contrast to the earlier
period where AA increased globally. However, during the same period, organic carbon and black carbon aerosol
emissions have continued to increase. The experiments analyzed here do not allow us to identify which region or
aerosol species are driving the response. Hopefully new experiments such as the Regional Aerosol Model
Intercomparison Project (RAMIP, Wilcox et al. (2023)) may help answer these questions.

Further evidence to support the role of anthropogenic aerosols on the tropical Pacific gradient is shown in Figure
S4 of Supporting Information S1, for HadGEM3‐GC3.1‐LL simulations where anthropogenic aerosols and their
precursor emissions were scaled by factors between 0.2 and 1.5 their standard emissions, resulting in a wide range
of realized AA forcing (Dittus et al., 2020). While the sample size of simulations per scaling (5) is smaller than
those run for LESFMIP, the response across scalings generally supports the idea that anthropogenic aerosols are
important for the tropical Pacific gradient trends.

3.3. Response in Simulations With Largest Strengthening Trends

Do ensemble members with the largest strengthening E:W trends have SST spatial patterns similar to obser-
vations? The observed equatorial SSTs have warmed in the west Pacific, but are not statistically significant in the
central and eastern Pacific, see Figure 3. Trends may be non‐significant due to weak trends, large natural vari-
ability, or a combination of the two. The trends in HadISST.2.1.0.0 are not significant in large areas of the tropical
Pacific. These trend patterns are consistent with the literature (Seager et al., 2019). The east Pacific cooling seen
in post‐1979 trends (Heede & Fedorov, 2023; Watanabe et al., 2024) does not occur in the 1950–2014 period,
contributing to the larger discrepancy between models and observations in 1979–2014.

The historical simulations with the five strongest E:W trends, that is, the five left‐most historical realizations on
Figure 2, are shown in Figure 4 for each model. The historical E:W strengthening occurs due to warming in the

Figure 3. Tropical Pacific observed sea surface temperature trends (K /decade) for (a) COBE‐SST2, (b) ERSST5, and (c) 10
member ensemble‐mean of HadISST.2.1.0.0. The boxes are the east and west Pacific domains of the E:W ratio. Hatching is
for trends that are not statistically significant at the 95% level. HadGEM3‐GC3.1‐LL p‐values were combined using the
Rüschendorf method (Choi & Kim, 2023), see Supporting Information S1 for more information. The resolution of the observed
data sets are similar, see Table S1 in Supporting Information S1, but less smoothing is applied to the HadISST.2.1.0.0 data set
which gives a false impression of resolution differences.
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western tropical Pacific, and, in general, weak or no change in the central or eastern tropical Pacific extending
down to the subtropics. The historical warming in the west Pacific is primarily a balance between warming due to
GHG forcing and cooling due to AA forcing, see Figures S13–S14 in Supporting Information S1. In the equatorial
east Pacific, the warming due to GHG is statistically significant in two of the models, but the cooling due to AA in
this region is only significant in one of the models. There is some suggestion of enhanced cooling of the equatorial
central and eastern Pacific, however, the trends are not statistically significant. The trends in the ozone and natural
forcing simulations are not significant throughout the tropical Pacific, see Figures S15 and S16 in Supporting
Information S1.

3.4. Future Trends

Modeling the historical multi‐decadal trends in the tropical Pacific remain problematic, with a compelling
example being the 1979–2014 model‐observations discrepancy in the tropical Pacific. Despite this, climate model
simulations remain a key approach for exploring possible future climates. How will the tropical Pacific gradient
change in the future? We consider two future emissions scenarios (SSP245 and SSP585), see Figure S3 in
Supporting Information S1. We note that the ensemble‐sizes vary considerable between the models, ranging from
4 to 50. The E:W ensemble‐mean trend weakens in each model during the 2015–2100 period for both emissions
scenarios, even for the models with historical strengthening trends. The trends are larger in the SSP585 simu-
lations compared to SSP245. We interpret the weakening trends as a response to the increasing GHG forcing
dominating over the AA forcing in the climate model future scenarios, especially in the SSP585 simulations. As
the models can not capture the observed 1979–2014 cooling, it remains unclear if future projections in the tropical
Pacific are reliable.

4. Conclusions
There remain three roadblocks to predicting future changes in tropical Pacific SSTs. What are the key processes
driving observed tropical Pacific SST trends? How can we improve these key processes in climate models? What
unique roles do internal variability and the forced response play in driving tropical Pacific SST trends? In this
study we support progress in addressing these roadblocks, by exploring whether anthropogenic aerosols impact
tropical Pacific gradient trends in historical simulations and how the trends will change in the future. In historical
simulations during 1950–2014, only half of the models have ensemble mean tropical Pacific trends that strengthen
like observations, and only one model is within the range of observations. The historical simulations with the
largest E:W strengthening trends have spatial patterns of trends that are broadly consistent with observations in
which the west Pacific is warming more than the central and east Pacific. The simulated historical tropical Pacific
gradient change is primarily a balance between anthropogenic aerosols, which strengthen the trend, and green-
house gas forcing, which weaken the trend. Neither the magnitude of the effective radiative forcing due to
anthropogenic aerosols nor the trend in TOA imbalance due to anthropogenic aerosols can directly explain the

Figure 4. Tropical Pacific historical surface temperature ts trends for realizations with strongest east‐to‐west trends, that is,
trend pattern corresponding to the five left‐most historical simulations in Figure 1. Plotted are (a) CanESM5, (b)GISS‐E2‐1‐G,
(c) HadGEM3‐GC31‐LL and (d)MPI‐ESM1‐2‐LR.Hatching is for trends that are not statistically significant at the 95% level.
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inter‐model differences in the tropical Pacific response during 1950–2014. Likewise, regional trends in the TOA
imbalances over Asia are not correlated with the E:W trends in 1950–2014. This suggests that processes con-
necting regional anthropogenic aerosol emissions to the tropical Pacific response are driving inter‐model un-
certainty in the historical simulations and further work in needed to understand the mechanisms. In future
projections, all models have a weakening tropical Pacific gradient, irrespective of their historical response, which
is likely a consequence of greenhouse gas forcing becoming dominant over anthropogenic aerosol forcing in the
future. Our study highlights the need for further work to isolate how anthropogenic aerosols and their precursor
emissions drive the physical processes which shape the tropical Pacific SST trends.
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