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Abstract Two Earth system models are analyzed to gain insight into the processes that govern projected
changes in the South Asian monsoon. Warmer present‐day base state tropical SSTs contribute to coupled
processes that produce greater future tropical Pacific warming in CESM2 with less of an increase in season‐
mean monsoon precipitation compared to E3SMv2. This is attributed to changes in the large‐scale east‐west
atmosphericWalker circulation, with relatively larger increases in precipitation and upper‐level divergence over
the tropical Pacific and increases in upper‐level convergence over South Asia in CESM2. The stronger El Niño‐
like response in CESM2, which increases Pacific precipitation and upper‐level divergence farther to the east,
and larger future ENSO amplitude in E3SMv2, produce a greater relative increase in future monsoon‐ENSO
connections in E3SMv2 compared to CESM2. This analysis indicates that the key processes that affect future
monsoon‐ENSO connections are ENSO amplitude and size of the future tropical Pacific El Niño‐like response.

Plain Language Summary Two different Earth system models are analyzed to investigate processes
that contribute to possible future changes of South Asian monsoon precipitation and connections to ENSO. The
stronger increase of precipitation in CESM2 over the tropical Pacific, due in part to a larger El Niño‐like
response of Pacific SSTs, produces less of an increase in future monsoon precipitation in CESM2 compared to
E3SMv2. The eastward shift of precipitation in CESM2, along with the larger increase of ENSO amplitude in
E3SMv2, produce a stronger future monsoon‐ENSO connection in E3SMv2 compared to CESM2.

1. Introduction
Future South Asian monsoon precipitation has generally shown a summertime increase in a warmer climate in
multi‐model averages due to warmer tropical Indian ocean temperatures and greater moisture transport into the
South Asian monsoon (Choudhury et al., 2022; Douville et al., 2000; Kripalani et al., 2007; Ueda et al., 2006;
Varghese et al., 2020). Other factors that contribute to the precipitation increase seen in most CMIP models (Li &
Ting, 2017; Mishra et al., 2020; Wu et al., 2022) include an increase in land‐sea temperature contrast between
southern Asia and the Indian Ocean (Kamae et al., 2014; Wu et al., 2022), which has been shown to be important
for the magnitude of monsoon precipitation (e.g., Meehl, 1994), as well as related circulation and ITCZ
displacement changes (Li et al., 2015). Decreases in land‐sea temperature contrast were noted to contribute to
decreases of South Asian monsoon precipitation up to the early 2000s (Roxy et al., 2015). But after that time an
increase in land‐sea temperature contrast was identified as being important for subsequent increases in monsoon
precipitation (Jin &Wang, 2017; Roxy, 2017). Additionally, changes in atmospheric circulation could contribute
to possible future decreases of monsoon precipitation in some regions (Ashfaq et al., 2009). For monsoon‐ENSO
connections, there is some evidence that a warmer climate could strengthen such connections if ENSO amplitude
increases (Cai et al., 2022; Meehl et al., 2023) or if warmer base state tropical SSTs affect the Walker circulation
(Bonfils et al., 2015; Katzenberger et al., 2021; McGregor et al., 2022; Meehl et al., 2023). However, the wide
spread in model responses in the future strength of the monsoon‐ENSO connection (e.g., Goswami & An, 2023;
Li & Ting, 2015) indicates that additional insights must be obtained into the processes and mechanisms involved
with these future connections, and that is the goal of the present paper.

Many previous studies have analyzed multi‐model ensembles and have identified a large model dependence
regarding future South Asian monsoon characteristics (Annamalai et al., 2007; Jayasankar et al., 2015;
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Katzenberger et al., 2021; Li & Ting, 2015; Turner et al., 2007). Therefore, this paper addresses the model‐
dependence issue by analyzing large ensembles of two related Earth system models in detail to identify phys-
ical processes that contribute to different future South Asian monsoon outcomes. The eventual goal is to increase
understanding of the processes and mechanisms that could contribute to seasonal to decadal prediction skill. We
hypothesize that increased ENSO amplitude can strengthen future monsoon‐ENSO connections, and/or that the
magnitude and pattern of warming in the tropical eastern Pacific can affect the strength and zonal displacement of
the Walker circulation that could affect how strongly the Pacific connects to the South Asian monsoon.

Here we perform a “twomodel analysis” (e.g., Baumhefner, 1976; Meehl et al., 2023) using E3SMv2 and CESM2
to analyze how the simulation of key processes can produce different outcomes for future mean monsoon pre-
cipitation and monsoon‐ENSO connections. The rationale and utility of such two model analyses are discussed in
Meehl et al. (2023) where a comparable two model analysis was performed to study present‐day monsoon
processes. In summary, a single model analysis is just that: results from a single model with no indication of how
to generalize the results. An alternative is an analysis of CMIP models with more samples, but with no insight into
what about the models is producing the results. A two‐model analysis allows detailed study of processes in the
context of a familiarity with simulation characteristics in the two models. Such analyses provide the framework
for understanding the relevant physical mechanisms that could inform more detailed studies of monsoon pro-
jections from the full suite of CMIP6 models.

2. Models
The CESM2 is fully described by Danabasoglu et al. (2020), and its responses to increasing greenhouse gasses in
a future warmer climate are provided byMeehl et al. (2020). The atmospheric and ocean models in CESM2 have a
nominal 1‐degree latitude‐longitude resolution. The ocean model in CESM2 is a version of POP2 (Parallel Ocean
Program, version 2) with 1‐degree latitude‐longitude resolution, enhanced resolution in the equatorial tropics, and
60 levels in the vertical with ocean biogeochemistry.

The E3SMv2 also has a nominal 1° resolution (110‐km atmosphere, 165‐km land, 0.5° river model), while the
ocean and sea ice have a mesh spacing varying between 60 km in the mid‐latitudes and 30 km at the equator and
poles (fully described by Golaz et al. (2022); some characteristics of future monsoon changes are described by
Harrop et al. (2019)). The ocean represents the biggest physical difference between E3SMv2 and CESM2. The
latter includes a conventional grid point ocean model, POP2, and the former uses MPAS‐Ocean with a different
grid and other structural differences noted in Supporting Information S1 and in Petersen et al. (2019). Meehl
et al. (2023) contrasted monsoon and monsoon‐ENSO features in the two models for present‐day climate. For
context here (and also discussed in various places to follow), the patterns of simulated South Asian monsoon
precipitation are similar between the two models for present‐day climate, but present‐day monsoon‐ENSO tel-
econnections through the Walker Circulation are weaker in E3SMv2 compared to CESM2 due to cooler mean
tropical SSTs, along with ENSO amplitude in E3SMv2 that is half that in CESM2.

Aerosols have been recognized as playing a part in producing certain monsoon characteristics (Bollasina
et al., 2011; Meehl et al., 2008; Persad et al., 2023). However, the effects of different aerosol forcings in the two
models, which are difficult to quantify, are beyond the scope of the present paper.

A factor for comparing future climate change in the two models is that equilibrium climate sensitivity (ECS) is
greater in CESM2 compared to E3SMv2, with an ECS of about 5.2°C in CESM2 (Danagasoglu et al., 2020) and
4.0°C in E3SMv2 (Golaz et al., 2022). Thus, the starting point for understanding relative differences in monsoon
characteristics is the future warming of tropical SSTs as discussed below.

Model simulations for CESM2 and E3SMv2 include 20 ensemble members each and are run for future climate
with the SSP370 emission scenario from 2015 to 2100. Note that there are more ensemble members available
from the CESM2 large ensemble, but we choose to use 20 of them to match the 20 ensemble members available
from E3SMv2. Including more ensemble members does not change the conclusions. Seasonal mean changes are
computed for the June‐July‐August‐September (JJAS) monsoon season. A fuller description of the two models is
given in the Supporting Information S1.
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3. Future South Asian Monsoon Season Mean Changes
On average, the E3SMv2 has somewhat less future warming in the tropics compared to CESM2 (Figures 1a and
1c) with negative SST differences for E3SMv2 minus CESM2 of over − 1°C in some parts of the tropical Indian
and Pacific Oceans (Figure 1e). Averaged over the tropical Pacific (80°W–150°E, 15°N–15°S) for the future
(2081–2100) minus present (1995–2014) time periods, CESM2 warms by 3.0°C (standard deviation 0.08°C),
while E3SMv2 warms by 2.7°C (standard deviation 0.08°C) (Figure 2a), with comparable increases over the
tropical Indian Ocean (Figure 1e).

However, there are more marked differences in the future south Asian monsoon precipitation between the two
models. Figure 1f shows that E3SMv2 clearly has a larger increase in future south Asian monsoon precipitation
compared to CESM2. Averaged over all grid points in the south Asian monsoon domain (5°N–40°N, 60°E–
100°E), E3SMv2 has a future minus present increase of monsoon precipitation of +1.37 mm day− 1 (standard
deviation of 0.15 mm day− 1) or about 24%, compared to the increase in CESM2 of only +0.22 mm day− 1 or
roughly 5% (standard deviation of 0.12 mm day− 1) (Figure 2a). This is an interesting result since it might be
expected that the monsoon precipitation increase in E3SMv2 would be less than in CESM2 since the tropical
Indian Ocean warms nearly 1°C less in E3SMv2 compared to CESM2 (Figure 1e) with an implied relatively
reduced source of moisture to be advected into southern Asia to fuel monsoon precipitation (Rajendran

Figure 1. Future (2081–2100) minus historical (1995–2014), JJAS, for (a) E3SMv2 surface temperature (°C); Panel (b) same as panel (a) except for precipitation
(mm day− 1), colors, and 850 hPa wind vectors (m sec− 1), scaling arrow at lower left; Panel (c) same as panel (a) except for CESM2; Panel (d) same as panel (b) except
for CESM2; (e) Difference (a) minus (c); Panel (f) same as panel (e) except for difference (b) minus (d). Differences generally greater in magnitude than +/− 0.5°C for
temperature and +/− 0.2 mm day− 1 for precipitation are significant at the 95% level.
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et al., 2022). Yet, as noted above there is about a factor of 7 larger relative increase of monsoon precipitation in
E3SMv2 (+1.37 mm day− 1) compared to CESM2 (+0.22 mm day− 1) (Figures 1f and 2a).

Clearly there are other factors influencing future monsoon precipitation in the two models, since previous studies
have identified warmer Indian Ocean SSTs that can produce greater monsoon precipitation, along with the effects
of enhanced meridional temperature gradient and forcing through theWalker Circulation from the tropical Pacific
(Meehl & Arblaster, 2002). This suggests that contrasting changes in simulated circulations may be responsible
for the difference (e.g., Li et al., 2015). Previous research has suggested that the large‐scale zonal tropical cir-
culation (the Walker Circulation), which connects precipitation in the Indian and Pacific sectors, is likely to be
involved (e.g., Meehl, 1987; Rasmusson & Carpenter, 1983). The future precipitation change in E3SMv2 shows
that the greatest decreases in tropical Pacific precipitation are shifted a bit south and extend across the equatorial
Pacific to South America compared to CESM2 (Figures 1b–1d and 1f). While both models show an El Niño‐like
response (greater warming in the eastern tropical Pacific than the west), this response is larger in CESM2
(Figures 1a and 1c). This can be quantified by computing the eastern tropical Pacific minus western tropical
Pacific SST differences. This east‐west SST gradient is defined here as the change of the SST difference for an
eastern Pacific region defined over the Niño3.4 area (5°N–5°S and 170°–120°W) minus a western Pacific region
(5°S–5°N and 120°E–160°E). For E3SMv2, the average change, future minus present, is 0.22+ / − 0.10°C (range
for this and other values is +/− one standard deviation across the ensemble members), and for CESM2 it is over
four times larger with a value of 0.92 + / − 0.18°C (Figure 2b). The magnitude of the El Niño‐like response is
directly related to the Bjerknes feedback (Fu & Fedorov, 2023). This is defined here as the zonal component of
surface wind stress anomalies averaged spatially across the entire equatorial Pacific basin (170°E–90°W; 5°S–
5°N). For CESM2 this average change is+0.009+ / − 0.001 N/m2, and for E3SMv2 it is less than half that with a
value of +0.004 +/− 0.001 N/m2 (Figure 2b). The amplifying effects of moisture convergence in the Western
Pacific Ocean associated with the greater increase in the zonal moist static energy (MSE) gradient is likely to
further amplify the Walker Circulation response under climate change in CESM2 versus E3SMV2 (Figure S1 in
Supporting Information S1). The stronger Bjerknes feedback in CESM2 means that stronger westerly surface

Figure 2. (a) South Asian monsoon area‐averaged precipitation, JJAS (mm day− 1), averaged over all grid points 5°N–40°N, 60°E–100°E on y axis as a function of
tropical Pacific average SSTs (°C) averaged over 80°W–150°E, 15°N–15°S on the x axis, for historical and future climate averages as in Figure 1, for E3SMv2 and
CESM2; dots indicate values from individual ensemble members, solid line connects ensemble mean for present‐day climate to future climate; (b) for values in lower
part of panel, y axis on left denotes tropical Pacific area‐averaged precipitation (mm day− 1), for all grid points averaged over 80°W–150°E, 15°N–15°S plotted as a
function of tropical Pacific average SSTs (°C) averaged over 80°W–150°E, 15°N–15°S on the x axis at bottom, for historical and future climate averages as in Figure 1,
for E3SMv2 and CESM2; dots indicate values from individual ensemble members, solid line connects ensemble mean for present‐day climate to future climate; dots for
individual ensemble members labeled “E3SM Bjerknes” and “CESM2 Bjerknes” plotted for the future minus present change in SST gradient defined over the eastern
equatorial Pacific Niño3.4 area (5°N–5°S and 170°–120°W) minus a western tropical Pacific region (5°S–5°N and 120°E–160°E), values related to x axis label at top,
plotted as a function of Bjerknes feedback on y axis on right defined as the average of u component surface wind stress anomalies, future minus present, averaged
spatially across the entire equatorial Pacific basin (170°E–90°W; 5°S–5°N).
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wind stress anomalies would weaken upwelling and provide a feedback to increase SST anomalies in the eastern
Pacific compared to the west (e.g., Zheng et al., 2014). Thus, the CESM2, with its larger Bjerknes feedback and
associated processes that amplify warming, has a consequent greater El Niño‐like response (larger amplitude east
minus west SST anomalies) (Figure 2b). The relationship between SST and precipitation over the Pacific (e.g.,
Yun et al., 2021) is illustrated in Figure 2b. The CESM2, with warmer present‐day base state SSTs of about 1°C
compared to E3SMv2, has a larger increase in tropical Pacific SSTs in future climate of 3.00°C+/− 0.08°C (to go
along with the larger El Niño‐like response) and an increase of tropical Pacific precipitation of about 22%
(1.10 mm day− 1 +/− 0.11 mm day− 1). This can be compared to E3SMv2 that has less of a future increase in
tropical Pacific SSTs of 2.68°C +/− 0.08°C (to go along with the smaller El Niño‐like response) and a smaller
amplitude increase in Pacific precipitation of about 14% (0.66 mm day− 1 +/− 0.08 mm day− 1) (Figure 2b).

Therefore, along with higher climate sensitivity, warmer base state present‐day tropical SSTs in CESM2
contribute to relatively warmer future SSTs over the tropical Pacific compared to E3SMv2 due in part to a
stronger Bjerknes feedback that amplifies eastern Pacific SST anomalies. That is, even if the climate change
warming of tropical Pacific SSTs was the same in E3SMv2 and CESM2, the warmer starting point of present‐day
SSTs in CESM2 would mean proportionately greater precipitation over the eastern equatorial Pacific in the future
compared to E3SMv2 due to the nonlinear relationship between surface warming and consequent precipitation
(e.g., Trenberth et al., 2003). Greater precipitation over the eastern equatorial Pacific results in larger anomalous
westerly wind stress and thus in a larger positive Bjerknes feedback that would contribute to amplifying the
warming of eastern tropical Pacific SSTs (Figure 2b) and produce proportionately greater precipitation in CESM2
compared to E3SMv2. A consequence of a relatively larger increase of precipitation over the Pacific in CESM2
compared to E3SMv2 is a relatively smaller increase of future South Asian monsoon precipitation in CESM2
(Figure 2a). This occurs through the anomalous Walker Circulation that we turn to next.

Changes in the Walker Circulation are often represented by differences in the 200 hPa velocity potential (e.g.,
Meehl & Arblaster, 2011). In Figure S2 in Supporting Information S1, we show JJAS season differences for mean
Walker Circulation changes to correspond to the mean season changes in monsoon precipitation in Figure 1.
There are significant positive differences of +2 × 106 m2 sec− 2 of 200 hPa velocity potential over the tropical
Pacific for E3SMv2 minus CESM2 indicating relative increases in upper‐level convergence there in E3SMv2.
Meanwhile, there are significant negative 200 hPa velocity potential differences of about − 4 x 106 m2 sec− 2 over
the South Asian monsoon region in Figure S2a in Supporting Information S1 for E3SMv2 minus CESM2
indicating relatively stronger upper‐level divergence in E3SMv2. This is associated with stronger upward vertical
motion (blue colors in Figure S2b in Supporting Information S1) associated with the larger increases in monsoon
precipitation in E3SMv2 (Figure 2a). Positive differences in 200 hPa velocity potential for E3SMv2 minus
CESM2 (Figure S2a in Supporting Information S1) indicate relatively greater downward vertical motion over the
tropical Pacific (orange colors in Figure S2b in Supporting Information S1) where the precipitation increases are
less in E3SMv2 compared to CESM2 (Figure 2b). Therefore, these dynamical processes involving the Walker
Circulation represent the mechanisms involved with the relatively larger increases of future South Asian monsoon
precipitation in E3SMv2 compared to CESM2.

Another factor contributing to the relative enhancement of monsoon precipitation in E3SMv2 compared to
CESM2 is the greater future warming over the Tibetan Plateau region of South Asia in E3SMv2 that produces an
enhanced meridional temperature gradient which, as noted earlier, can affect monsoon precipitation. An enhanced
meridional temperature gradient between the Tibetan Plateau and areas over southern India and the Indian Ocean
is a well‐known contributor to stronger monsoon precipitation (e.g., Blanford, 1884; Li & Yanai, 1996;
Meehl, 1994; Meehl & Arblaster, 2002), and is another element that contributes to enhancing future monsoon
precipitation in E3SMv2 compared to CESM2. The difference of surface temperature anomalies (Figure 1e)
averaged between 70°E− 90°E for 45°Nminus 20°N (Meehl &Arblaster, 2002) produces an enhanced meridional
temperature gradient in the MAM season of+1.6°C. This sets the stage for a subsequent stronger monsoon and an
enhanced meridional temperature gradient with a difference of +2.4°C. The greater precipitation during the
monsoon season of JJAS contributes to relatively cooler surface temperatures over the Indian subcontinent due to
increased cloudiness, reduced incoming solar radiation, and enhanced latent heat flux (e.g., Meehl &
Arblaster, 2002). Figure 1f shows that E3SMv2 clearly has a larger increase in future south Asian monsoon
precipitation compared to CESM2, and this is consistent with energetic constraints arising from a greater increase
in boundary layer MSE (Figure S1 in Supporting Information S1; Biasutti et al., 2018).
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4. Future Monsoon‐ENSO Connections
Previous studies have shown evidence that a future warmer base state and/or future increased ENSO amplitude
contribute to stronger monsoon‐ENSO connections (e.g., Meehl et al., 2023). The warmer base state tropical SSTs
and larger amplitude ENSO in CESM2 (Capotondi et al., 2020) produce a stronger monsoon‐ENSO connection in
present‐day climate, with each contributing about half to the total change (Meehl et al., 2023). Consequently, in
the future warmer climate state in both models, the monsoon‐ENSO connections are stronger as derived from the
average of time series correlations of All‐India Rainfall (AIR) with Niño3.4 SSTs in the two models (Figure S3 in
Supporting Information S1). The negative correlation between Niño3.4 SSTs and AIR (indicating that when SSTs
are anomalously warm in the eastern equatorial Pacific there tends to be reduced monsoon precipitation) increases
from an average of − 0.63 to − 0.68 (around 8%) in CESM2, and from roughly − 0.41 to − 0.54 (about 32%) in
E3SMv2 (Figure S3 in Supporting Information S1). This result can be partly attributed to future changes of ENSO
amplitude (Figure S4 in Supporting Information S1) where E3SMv2 has increases of ENSO amplitude of about
36% (measured by largest amplitude spectra), while CESM2 ENSO amplitude actually decreases slightly by
roughly − 9% for this specific time interval of 2040–2100, with the caveat that changes in amplitude are
temporally complex due to internal decadal variability (Meehl et al., 2023). Thus, one of the two main con-
tributors to the strength of the monsoon‐ENSO connection in present‐day climate documented by Meehl
et al. (2023), ENSO amplitude, is a contributor to the future relative strengthening of the monsoon‐ENSO
connection in E3SMv2. Additionally, there is higher ENSO frequency in both models with maximum values
near 0.03 cycles mo− 1, while observations are closer to 0.02 cycles mo− 1. Since both models have this same
characteristic, we assume this does not play a role in the relative changes in the monsoon‐ENSO connection,
though research to quantify the effects of different ENSO frequencies on the monsoon‐ENSO connection are
beyond the scope of this paper.

Another factor that produces a relative strengthening of the monsoon‐ENSO relationship in E3SMv2 compared to
CESM2 is illustrated by the associated dynamical connections. Figure 3 shows the changes, future minus his-
torical, of the regression of Niño3.4 SSTs onto 200 hPa velocity potential. Both E3SMv2 (Figure 3a) and CESM2
(Figure 3b) show negative values over the tropical Pacific and positive values over the western Pacific region,
indicative of the well‐knownWalker Circulation connections between Australasia and the central/eastern tropical
Pacific (e.g., see Meehl et al., 2023 for present‐day climate in these two models). However, this pattern is shifted
eastward in CESM2 (Figure 3b) compared to E3SMv2 (Figure 3a). This moves the Walker Circulation centers of
action away from the monsoon region, thus weakening that connection in CESM2 compared to E3SMv2, rela-
tively speaking. A reason for this shift can be seen in the mean change of the Pacific center of action of theWalker
Circulation in E3SMv2 compared to CESM (Figure S2a in Supporting Information S1). There are significant
positive differences greater than +2 × 106 m2 sec− 2, indicating enhanced upper level convergence there in
E3SMv2. As this is a region of top‐heavy deep convection, the enhanced response of upper‐level divergence in
E3SMv2 is consistent with energetic constraints tied to MSE, as shown in Figure 1 and Figure S1 in Supporting
Information S1, where greater increases are associated with enhanced upper level divergence (Biasutti
et al., 2018). These extend across the eastern tropical Pacific south of the equator and over tropical South
America, and roughly correspond to many areas of significant negative precipitation differences in Figure 1f. This
indicates an eastward shift in CESM2, compared to E3SMv2, of the Walker Circulation centers of action
associated with the stronger El Niño‐like response (Figure 2b) and relatively warmer eastern tropical Pacific SSTs
in CESM2. This has previously been shown to reduce monsoon‐ENSO connections for the Australian monsoon
(e.g., Arblaster et al., 2002) as well as the south Asian monsoon (Meehl & Arblaster, 2011). There is an enhanced
meridional temperature gradient in future climate in E3SMv2 compared to E3SM2 between the Tibetan Plateau
and southern India that was noted earlier. Previous work has indicated that forcing from the tropical Pacific likely
plays a larger role than enhanced meridional temperature gradient in future monsoon changes (e.g., Meehl &
Arblaster, 2002), though this research topic deserves further study that is beyond the scope of the present paper.

5. Broader Implications
It is desirable to attempt to relate the processes identified in the two models analyzed here to the CMIP6 models.
However, analysis of CMIP5 and CMIP6 models indicates that significant additional structural uncertainties
among the models affect the simulation of the south Asian monsoon (Singh et al., 2019), and many models fail to
adequately simulate observed ENSO characteristics (Wang et al., 2023) or monsoon‐ENSO connections (e.g., Li
& Ting, 2015; Lin et al., 2023). These confounding biases make attempts to generalize monsoon‐ENSO related
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processes in a future warmer climate across the strikingly disparate set of CMIP6 models not meaningful.
Additionally, many CMIP6 models (of which E3SMv2 and CESM2 are members) have difficulty simulating
climatic features relevant to monsoon‐ENSO interactions (Rajendran et al., 2022) arising from biases in the
eastern Pacific cold tongue and base state SSTs in the tropical Pacific and elsewhere in present (Wang et al., 2020)
and future climate (Xiang et al., 2014). These features result in substantial differences in the consistency of ENSO
across the models and complicate the interpretation of inter‐model contrasts for future changes in monsoon
precipitation and monsoon‐ENSO connections in the models (Meehl et al., 2023). Correcting the various biases
that differ across the models, so that the effects of their simulation characteristics can be used in a consistent
enough way to attempt to generalize the processes discussed here, is beyond the scope of the present paper.
However, this represents an important research priority for the climate science community. That the two present
models have similar monsoon simulation characteristics and ENSO features, and less structural uncertainty
compared to other CMIP6 models (Meehl et al., 2023), makes the present interpretation of processes and
mechanisms of possible future South Asian monsoon behavior related to monsoon‐ENSO connections more
credible and physically feasible. This points to the value of a comparable future study with a more consistent

Figure 3. Differences, future minus historical, in the regression coefficients for each time period computed separately for the
Niño3.4 time series regressed onto 200 hPa velocity potential, JJAS (x 106 m2 sec− 2/°C), for (a) E3SMv2, (b) CESM2;
stippling indicates 99% significance.
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multi‐model subset. However, the key processes we have identified in the present study, with regards to their
important effects on future monsoon‐ENSO connections, are ENSO amplitude and the size of the future El Niño‐
like response in tropical Pacific SSTs.

Data Availability Statement
All‐India Rainfall data is available from Indian Institute of Tropical Meteorology (2024). E3SM model code is
available at E3SM Project (2024). E3SM model data is available at E3SM Project (2023). CESM model code is
available at CESM Project (2024). CESM model data is available at CESM Project (2023).
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