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Abstract This study investigates the large-scale atmospheric processes that lead to U.S. precipitation
variability in late summer to midfall (August-October; ASO) and shows that the well-recognized
relationship between North Atlantic Subtropical High and U.S. precipitation in peak summer (June-August)
significantly weakens in ASO. The working hypothesis derived from our analysis is that in ASO convective
activity in the Caribbean Sea, modulated by the tropical Pacific-Atlantic sea surface temperature (SST)
anomaly contrast, directly influences the North American Low-Level Jet and thus U.S. precipitation east of
the Rockies, through a Gill-type response. This hypothesis derived from observations is strongly supported
by a long-term climate model simulation and by a linear baroclinic atmospheric model with prescribed
diabatic forcings in the Caribbean Sea. This study integrates key findings from previous studies and advances
a consistent physical rationale that links the Pacific-Atlantic SST anomaly contrast, Caribbean Sea
convective activity, and U.S. rainfall in ASO.

Plain Language Summary This study investigates the large-scale atmospheric processes that
modulate U.S. rainfall variability in late summer to midfall (August-October; ASO). We show that the
well-recognized relationship between the Bermuda High and U.S. rainfall in peak summer (June-August)
is not applicable in ASO. Instead, both observations and model simulations show that in ASO
atmospheric convective activity in the Caribbean Sea, modulated by the Pacific-Atlantic interbasin sea
surface temperature (SST) anomaly contrast, directly influences the atmospheric low-level jet that carries
warm and moist air from the Gulf of Mexico into the United States and thus affects U.S. rainfall
variability. This study integrates key findings from previous studies and advances a consistent physical
rationale that links the Pacific-Atlantic SST anomaly contrast, Caribbean Sea convective activity, and U.S.
rainfall in ASO.

1. Introduction

Understanding the physical mechanisms controlling U.S. summer to midfall (June-October) precipitation
variability is of great importance due to its impacts on the spatiotemporal variation of extreme events,
including drought, flooding, and heat waves, and on agricultural productivity. Thus, it is imperative to study
the potential drivers of precipitation variability to improve their prediction. Previous studies have explored
physical links between U.S. summer to midfall precipitation and climate variations at various time scales
(e.g., McCabe et al., 2004; Schubert et al., 2009; Wei et al., 2019). Some studies (e.g., Krishnamurthy
et al., 2015; Mo & Schemm, 2008; Seager, 2007; Weaver et al., 2009) have shown that tropical Pacific sea
surface temperature anomalies (SSTAs) can modulate U.S. precipitation variability in boreal summer via
Walker circulation changes. For instance, Weaver et al. (2009) and Krishnamurthy et al. (2015) emphasized
that interannual variation of the North American Low-Level Jet (NALLJ), a key driver of U.S. warm season
(April-September) rainfall variability, could be modulated by tropical Pacific SSTAs in midsummer to early
fall (July-September). Mo et al. (2009) also showed that the decadal frequency of U.S. drought in
midsummer to early fall is significantly influenced by tropical Pacific SSTAs, while the direct influence of
Atlantic SSTAs is relatively small.
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Other studies, however, have suggested that Atlantic warm pool (AWP) variability and associated SSTAs
in the Gulf of Mexico (GoM), Caribbean Sea (CS), and western tropical North Atlantic could serve as
main drivers of U.S. summer to midfall precipitation variability, especially over the southern United
States at interannual (e.g., Wang et al., 2006, 2008; Wang & Lee, 2007; Misra et al., 2011; Misra &
Li, 2014; Liu et al., 2015) and decadal time scales (e.g., Curtis, 2008; Enfield et al., 2001; Hu et al., 2011;
Hu & Feng, 2008; McCabe et al., 2004; Nigam et al., 2011; Schubert et al., 2009; Sutton & Hodson, 2005).
These studies suggested that at both interannual and decadal time scales warm AWP SSTAs (i.e., larger-
than-normal AWP) can decrease precipitation over the southern United States and vice versa for cold
AWP SSTAs. Almost all of these studies invoke a well-recognized relationship that warm AWP SSTAs
weaken the North Atlantic Subtropical High (NASH) and thus displace the western leg of the NASH east-
ward and away from the eastern U.S. seaboard. This shift in the NASH weakens the NALLJ and thus
reduces the supply of warm and moist air from the GoM into the United States (e.g., Algarra et al., 2019;
Arias et al., 2012; Bishop et al., 2019; Curtis, 2008; Feng et al., 2011; Hu et al., 2011; Hu & Feng, 2008; Hu
& Feng, 2012; Li et al, 2011; Liu et al, 2015; Mo et al., 2009; Schubert et al., 2009; Sutton &
Hodson, 2005; Wang et al., 2006).

As briefly summarized above, the variation of summer to midfall U.S. precipitation could be a response to
complex interactions between the tropical Pacific and AWP SSTAs and their influence on NASH.
However, there are several remaining key questions regarding the connections between tropical Pacific
and AWP SSTAs and their impacts on U.S. summer to midfall precipitation variability. Particularly,
NASH in late summer to midfall (August-October; ASO) is substantially weaker than in peak summer
(June-August; JJA) and does not extend as far westward to influence NALLJ (e.g., Song et al., 2018a, 2018b),
as shown in Figure 1. However, the AWP and its impact on the atmosphere aloft and Atlantic tropical
cyclone activity are strongest in ASO (e.g., Lee et al., 2007; Wang et al., 2006; Wang & Enfield, 2001).
Therefore, the underlying physical mechanism linking the AWP SSTAs to U.S. precipitation in ASO needs
to be clarified. It is also not entirely clear through what mechanism U.S. precipitation in ASO and associated
atmospheric circulation features are remotely forced by tropical Pacific SSTAs.

The main goals of this study are to investigate the relationship between tropical Pacific-Atlantic SSTAs and
U.S. precipitation during ASO and to explore the underlying physical mechanisms (sections 3 and 4). Based
on our analysis of observational and atmospheric reanalysis data sets, we hypothesize that convective activ-
ity over the CS is largely influenced by the tropical Pacific and Atlantic SST contrast and that this is a key
process in modulating U.S. precipitation in ASO (section 5). We further use a long-term climate model simu-
lation and a simple linear baroclinic atmospheric model (LBM) with prescribed diabatic forcing to test and
validate this hypothesis (section 6).

2. Data, Methods, and Models

We use National Oceanic and Atmospheric Administration (NOAA)'s interpolated outgoing longwave radia-
tion (OLR; Liebmann & Smith, 1996) and Extended Reconstructed SST version 5 (ERSST5; Huang
et al., 2017) to explore the relationship between convective activity over the CS and global SSTAs.
Monthly precipitation fields are derived from Climatic Research Unit (CRU) version 3.2 climate data
(Jones & Harris, 2013). The National Centers for Environmental Prediction reanalysis version 2 (NCEP2;
Kanamitsu et al., 2002) is used to derive monthly atmospheric circulation fields. The study period is from
1979 to 2018 (40 years). To minimize the potential impact of anthropogenic global warming, all variables
are linearly detrended.

We use a 1,100 model year simulation of the Community Earth System Model-Large Ensemble Simulation
(CESM-LENS) with a constant preindustrial CO, level (Kay et al., 2015) in order to test our results and
hypotheses derived from the observational and reanalysis data sets. We also use a LBM (Watanabe &
Kimoto, 2000) to explore the atmospheric dynamics linking CS convective activity and U.S. summer preci-
pitation. The LBM is a useful tool for diagnosing anomalous atmospheric circulations forced by regional dia-
batic heating or Rossby wave sources (e.g., Lee et al., 2009; Lopez et al., 2019; Ting & Wang, 1997; Watanabe
& Kimoto, 2000). The LBM configured for this work has a T21 horizontal resolution (~5° X 5°) and five ver-
tical levels in a sigma coordinate (T21L5).
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Figure 1. Differences in vertically integrated moisture converggence (shaded, 107% kg m~ % s™", hatched regions are
statistically significant at the 95% level) and fluxes (vectors, 10~ kg m~ ' 57", omitted if less than 10~ kg m 's7h
between strong and weak NASH years during (a) June-July-August (JJA) and (b) August-September-October (ASO). The
strong (13 years) and weak (11 years) NASH years are selected when the spatially averaged (80-30°W, 20-40°N) geo-
potential height at 850 hPa is larger than one standard deviation above the mean and smaller than one standard devia-
tion below the mean, respectively. Red and blue lines are the edge of NASH (1,560 gpm) in the strong NASH and weak
NASH years, respectively.

3. Relationship Between NASH and U.S. Precipitation

In this section, we revisit the relationship between NASH and U.S. summer precipitation by performing a
composite analysis using NCEP2 reanalysis. First, the strength of NASH is identified by the 850 hPa geopo-
tential heights averaged over 80-30°W and 20-40°N for both JJA and ASO seasons. Then, we select strong
and weak NASH years with their amplitudes of positive and negative anomalies larger than the standard
deviation. We find 13 strong NASH years and 11 weak NASH years for JJA and ASO (Figure 1). Note that
the strong and weak years for JJA are not necessarily the same years for ASO. Following Wei et al. (2019),
the 1,560 geopotential height (gpm) isoline at 850 hPa is used to represent the spatial extent of NASH.

The western leg of NASH extends toward the southeast United States in the strong NASH composite but
remains over the Atlantic Ocean off the eastern U.S. seaboard in the weak NASH composite in JJA
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(Figure 1a). Accordingly, the composite differences (i.e., strong — weak NASH years) of vertically integrated
moisture flux and convergence increase over the south and southeast United States in JJA. During ASO,
however, the western leg of NASH resides largely within the Atlantic Ocean without reaching the eastern
U.S. seaboard in both strong and weak NASH composites (Figure 1b). Consistently, the composite differ-
ences of vertically integrated moisture flux and convergence over the United States are much smaller in
ASO compared to JJA. Hence, the U.S. precipitation difference averaged over the central and eastern
United States (90-70°W, 30-40°N) is much smaller in ASO (0.02 mm day ') compared to JJA
(0.34 mm day ). These results suggest that climatologically, NASH is strong enough in JJA to significantly
modulate U.S. precipitation, but in ASO it is farther away from the eastern United States and thus difficult to
influence U.S. precipitation directly.

4. Pacific-Atlantic Interbasin SSTA Contrast and U.S. Precipitation in ASO

In this section, we first explore the relationship between U.S. precipitation and global SSTAs in ASO.
Tropical Pacific SSTAs north of the equator (160°E to 160°W, 0-20°N) have a strong positive correlation with
U.S. precipitation east of the Rockies (90-70°W, 30-40°N, Figure 2a). In contrast, SSTAs over the Atlantic
warm pool (AWP; 80-40°W, 10-25°N) and South China Sea (SCS; 110-130°E, 10-40°N) have strong negative
correlations with U.S. precipitation. Specifically, the U.S. rainfall correlation with AWP SSTAs and tropical
Pacific SSTAs (PAC; 160°E to 160°W, 0-10°N) are —0.35 and 0.31, respectively, both of which are statistically
significant at the 95% level based on a Student's ¢ test (supporting information Table S1). There is also signif-
icant negative correlation with SSTAs in the SCS (110-130°E, 10-40°N). These correlations are much weaker
and statistically insignificant in JJA (Figure S1 and Table S2).

Note that the tropical Pacific SSTAs and AWP SSTAs are uncorrelated (r = —0.01), indicating that SSTAs in
the two regions are statistically independent from one another (e.g., Wang et al., 2008). Therefore, we
develop a Pacific-Atlantic interbasin SSTA index, defined as the difference in SSTAs between the PAC and
AWP regions (Figure 2a). As expected, this interbasin SSTA index is correlated with U.S. precipitation in
ASO (r = 0.39; Figure 2b). These significant correlations suggest that the Pacific-Atlantic interbasin SSTA
contrast modulates the Walker circulation and in turn changes tropical convective activity over the tropical
Pacific and Atlantic (e.g., Bjerknes, 1969; Wang et al., 2017). Consistent with this line of reasoning, the inter-
basin SSTA index and OLR anomalies are correlated in the tropical Pacific, the CS (90-70°W, 10-20°N), and
the SCS (Figure 2b), in agreement with the spatial pattern of correlation coefficients between tropical SSTAs
and U.S. precipitation (Figure 2a).

A number of studies have shown that CS precipitation is strongly influenced by the interaction between the
AWP and eastern tropical Pacific SSTAs (e.g., Enfield & Alfaro, 1999; Giannini et al., 2000, 2001; Spence
et al., 2004). More specifically, it is well recognized that warm eastern tropical Pacific and cold AWP
SSTAs produce anomalous subsidence over the CS and thus decrease CS precipitation. Additionally, several
studies have shown that El Nifio-like patterns in the Pacific can decrease convective activity over the CS via
the Walker circulation (e.g., Krishnamurthy et al., 2015; Weaver et al., 2009). The physical mechanism
underlying the relationship between warm central Pacific SSTAs (i.e., El Nifio-like pattern) and anomalous
subsidence over the tropical Atlantic has been shown in previous studies. As discussed in Chiang and
Sobel (2002), Lintner and Chiang (2007), and other studies, warm SSTAs over the central tropical Pacific
(i.e., El Nino-like) induce tropospheric warming over the global tropics via fast Kelvin wave propagation,
which in turn increases atmospheric stability and thus promotes anomalous subsidence over the AWP
region. Cold AWP SSTAs further reinforce the increased atmospheric stability aloft (i.e., colder atmosphere
at low-level and warmer atmosphere at upper level). This mechanism is well supported by the anomalous
ascending motion in the central tropical Pacific and descending motion in the western tropical Atlantic,
linked to the suppressed CS convection (Figure 2c). This is also consistent with the suppressed OLR anoma-
lies over the CS in response to warm Pacific SSTAs and cold AWP SSTAs from the partial correlation analysis
(Figure S2). Therefore, the correlation between the interbasin SSTA index and OLR anomalies over the CS is
significantly high (r = 0.63; Table S1). But, more importantly, the correlation between the CS OLR anomalies
and U.S. precipitation is also high (r = 0.45; Table S1). These results clearly illustrate that tropical Pacific and
Atlantic SSTAs modulate U.S. precipitation during ASO through their combined impact (i.e., interbasin
SSTA contrast) on CS convective activity.
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Figure 2. (a) Correlation between U.S. precipitation (90-70°W, 30-40°N) and SSTAs in ASO for 40 years (1979-2018). (b) Correlation between interbasin
SSTA contrast and OLR anomalies in ASO (contours) and between interbasin SSTA contrast and land precipitation in ASO (shaded). The interbasin SSTA
contrast is defined as the difference in SSTAs between the tropical Pacific (PAC; 160°E to 160°W, 0-10°N) and Atlantic warm pool (AWP; 80-40°W, 10-25°N)
regions. Purple dotted areas in (b) indicate correlation between interbasin SSTA contrast and OLR anomalies is statistically significant at the 95% level based on a

Student's ¢ test. (c) Regression of tropical (10°S to 20°N) pressure velocity (omega, positive value is ascending motion, shaded, 1,000 Pa s

wind streamline onto the interbasin SSTA contrast in ASO.
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Figure 3. (a) Precipitation (shaded), wind (vectors), and geopotential height at 850 hPa (black contours) from observations and NCEP2 regressed onto CS OLR
anomalies (red contours) in ASO for 40 years (1979-2018). (b) Same as (a) but derived from a 1,100 model year run from CESM-LENS.

5. Physical Mechanism Linking CS Convective Activity and U.S. Precipitation
in ASO

We now investigate how CS convective activity influences U.S. precipitation in ASO. Figure 3a shows preci-
pitation, geopotential height, and wind anomalies at 850 hPa regressed onto CS OLR anomalies in ASO. The
anomalous subsidence and diabatic cooling over the CS, implied by strongly positive OLR anomalies, pro-
duce an anomalous low-level atmospheric ridge centered over the GoM, which appears to be consistent with
a Gill-type response to the CS diabatic cooling (Gill, 1980). This anomalous low-level atmospheric ridge pro-
duces an anomalous low-level anticyclonic circulation, which reinforces the NALLJ over the southern
United States and thus increases the moisture and heat fluxes from the GoM to the United States.
Consistently, precipitation increases over the United States east of the Rockies. Therefore, we conclude that
anoamlous diabatic cooling (i.e., suppressed convection) in the CS produces an anomalous low-level antic-
yclonic circulation to its northwest via a Gill-type response to increase the moisture and heat fluxes from the
GoM to the United States, consequently increasing U.S. precipitation.

Despite these physically consistent relationships, the observational record used in this study may not be long
enough to establish a robust conclusion. It is also possible that linear detrending does not completely remove
the influences of anthropogenic global warming in the observational and atmospheric reanalysis products.
Therefore, we carry out the same analyses using a 1,100 model year simulation derived from CESM-LENS
with a constant preindustrial CO, level. The relationship between CS OLR anomalies and interbasin
SSTAs derived from observations (Figure 2) are well simulated in CESM-LENS (Figure S3). Figure 3b shows
precipitation, and geopotential height and wind anomalies at 850 hPa regressed onto the CS OLR anomalies,
based on CESM-LENS. These results are very similar to those derived from the observational and atmo-
spheric reanalysis products. The only major difference is that the center of increased U.S. precipitation shifts
westward to Mexico and the south central United States. This appears to be linked to the westward extension
of the anomalous low-level trough from the North Atlantic. Therefore, the results derived from CESM-LENS
strongly support the conclusion that the remote influence of CS OLR anomalies on U.S. precipitation is ulti-
mately forced by an interbasin SSTA contrast.

6. LBM Experiments

Figure 4a shows the observed geopotential height anomalies at 500 hPa regressed onto U.S. precipitation. A
pair of anomalous atmospheric trough and ridge appear over North America and the GoM, respectively. As
discussed in section 5, the atmospheric ridge centered in the GoM is forced by anomalous diabatic cooling in
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Figure 4. (a) Geopotential height at 500 hPa (shaded) and OLR anomalies (contour) regressed onto U.S. precipitation in ASO. (b) Geopotential height (shaded)
and wind anomalies at 850 hPa (vectors) regressed onto U.S. prempltatlon in ASO. (c) Geopotential height at 500 hPa (shaded, gpm) and (d) geopotential
height (shaded, gpm) and wind anomalies at 850 hPa (vectors, m s ) derived from the ALL forcing experiment. Contour lines indicate the diabatic forcing in the
LBM experiment. (e and f, g and h) Same as (c) and (d), but for those derived from the PAC forcing experiment and CS forcing experiment, respectively.

the CS via a Gill-type response. Interestingly, another meridional dipole in geopotential height appears over
the Bering Sea and the North Pacific. It is likely that these atmospheric circulation anomalies are
extratropical Rossby waves forced by anoamlous diabatic heating over the tropical Pacific or by
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anomalous diabatic cooling over the SCS. Therefore, it is also possible that anomalous diabatic heating and
cooling in the tropical Pacific and SCS, through extratropical Rossby wave trains, may reinforce or interfere
with the CS-forced anomalous low-level atmospheric ridge centered over the GoM and thus may also influ-
ence U.S. precipitation.

To test this possibility, we carry out four LBM experiments focusing on the roles of the three tropical regions
(i.e., PAC, CS, and SCS) in producing the anomalous low-level atmospheric ridge over the GoM. The first
LBM experiment is performed by prescribing anomalous diabatic heating (solid lines) over the tropical
Pacific (150°E to 150°W, 10°S to 10°N) and anomalous diabatic cooling (dotted lines) over the SCS (95°E
to 135°W, 10-20°N) and the CS (90-70°W, 10-20°N), as shown in Figure 4c. This experiment is referred
to as the ALL forcing experiment and is designed to test whether the LBM can reproduce the observed atmo-
spheric circulation anomalies associated with U.S. precipitation. The magnitude of anomalous diabatic heat-
ing over the tropical Pacific is set to 1.5 K day ™", which is derived based on the OLR anomalies averaged over
the tropical Pacific (e.g., Kim et al., 2020; Ting & Yu, 1998). Similarly, the magnitudes of anomalous diabatic
cooling over the SCS and CS regions are both set to —1.0 K day ™. In this and other LBM experiments, the
three-dimensional background atmospheric states are prescribed using ASO fields averaged for the period
of 1979-2018 and derived from NCEP2. The anomalous heating and cooling profiles are idealized to have
their maximum values at midlevel near 500 hPa, with a Gaussian distribution for both vertical and horizon-
tal directions.

Figure 4c shows the midlevel (500 hPa) geopotential height anomalies driven by the three diabatic forcings
in the ALL forcing experiment. Overall, the spatial patterns of midlevel geopotential height anomalies in the
ALL forcing experiment are largely consistent with those derived from NCEP2, despite differences in the
amplitudes of some features. Although the anomalous low-level atmospheric trough centered over North
America is weaker, the anomalous low-level atmospheric ridge over the GoM and the southwesterly wind
anomalies that enhance the NALLJ are well captured in the ALL forcing experiment (Figure 4d). These
results from the ALL forcing experiment suggest that anomalous diabatic heating and cooling associated
with the Pacific-Atlantic SSTA contrast modulate the NALLJ, which has a strong impact on U.S. warm sea-
son precipitation.

In order to explore further which of the three diabatic forcings most strongly influences U.S. precipitation in
ASO, we carry out three additional LBM experiments. In the PAC forcing experiment, only anomalous dia-
batic heating over the tropical Pacific is prescribed, while in the CS forcing experiment, only anomalous dia-
batic cooling over the CS is prescribed. In the SCS forcing experiment, only anoamlous diabatic cooling over
the SCS is prescribed. In the PAC forcing experiment, a pair of anomalous cyclonic circulation feature to the
northwest (10°N) and southwest (10°S) of the center of diabatic heating in the tropical Pacific (Figure 4e).
The midlevel geopotential height anomalies over the Pacific and North America in this experiment are dis-
tinct from those derived from the ALL forcing experiment (Figures 4c—4f). In the SCS forcing experiment, the
impact of anomalous diabatic forcing over the SCS on atmospheric circulations is very weak over North
America (Text S1 and Figures S4a-b).

As shown in Figure 4g, the CS forcing experiment simulates a robust pattern of anomalous midlevel geopo-
tential height over North America and the Atlantic Ocean, consistent with those derived from the ALL for-
cing experiment (Figure 4c). In particular, a midlevel atmospheric trough appears over North America and a
ridge across Central America. An anomalous low-level atmospheric ridge appears over the GoM, which
appears to be a Gill-type response (Gill, 1980) to the anomalous diabatic cooling over the CS judging from
its position to the northwest of diabatic forcing and its strong baroclinic structure (Figure 4h). The anoma-
lous low-level atmospheric ridge produces low-level southwesterly wind anomalies over the United States
east of the Rockies. These results are consistent with our observation-based results and strongly support
our hypothesis that anomalous diabatic cooling over the CS, driven by the interbasin SSTA contrast, is a
key driver of atmospheric circulation anomalies that are conducive to increasing U.S. precipitation in ASO.

7. Concluding Remarks

In this study, we found that the well-recognized NASH-U.S. peak summer precipitation relationship is not
applicable in late summer to midfall (ASO). Instead, the working hypothesis derived from our analysis is that
the tropical Pacific-Atlantic SSTA contrast modulates convective activity in the CS in ASO. This change in
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regional convection directly influences the NALLJ and thus U.S. precipitation east of the Rockies, through a
Gill-type response. We further used a long-term climate model simulation (CESM-LENS) and carried out a
series of LBM experiments to confirm this hypothesis.

The main conclusion of this study aligns well with several key findings from previous studies, including
the positive relationship between tropical Pacific SSTAs and NALLJ (e.g., Krishnamurthy et al., 2015;
Weaver et al., 2009), the negative relationship between AWP SSTAs and U.S. summer rainfall (e.g.,
Wang et al., 2006, 2007, 2008), and the robust relationship between CS rainfall and the Pacific-Atlantic
SSTA contrast. This study integrates these key findings from previous studies to advance a consistent phy-
sical rationale that links the Pacific-Atlantic SSTA contrast, CS convective activity, and U.S. precipitation
in ASO.

There remain several questions that are not extensively explored in this study. First, our study focuses on
interannual time scale between 1979 and 2018. Therefore, it is not clear if the physical mechanism proposed
in this study is applicable to decadal-to-centennial time scales. For instance, Liu et al. (2015) showed that the
U.S. precipitation response to the Atlantic Multidecadal Oscillation (AMO) in ASO is very different from that
related to interannual variability of the AWP. Therefore, it is important to explore the impact of the
Pacific-Atlantic SSTA contrast on the U.S. hydrological cycle at decadal-to-centennial time scales in future
works. Another important point is that AWP SSTAs are largely forced from the high-latitude North
Atlantic and tropical Pacific during boreal winter and spring (e.g., Czaja et al., 2002; Enfield et al., 2006;
Lee et al., 2008) but normally dissipate before peak summer. Therefore, it is not entirely clear what physical
processes control or affect AWP SSTAs in ASO. Properly addressing these questions through targeted mod-
eling and observational studies could potentially improve seasonal to decadal prediction capability for U.S.
summer to fall precipitation.
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Introduction

This supporting information provides Text S1, Tables S1-S2 and Figures S1-S4. Text S1
addresses the result from SCS experiment in section 6. Tables S1 and S2 provides correlation
coefficient among the Atlantic and Pacific SSTAs, Caribbean Sea (CS) convective activity and
U.S. precipitation during August-October (ASO) and June-August (JJA), respectively. Figure S1
shows the spatial patterns of correlation between U.S. precipitation and sea surface temperate
(SST) and outgoing longwave radiation (OLR). Figure S2 shows the partial correlation of OLR
anomalies onto the tropical Pacific SST and the Atlantic warm pool SST indices. Figure S3
shows the regression of SST onto CS OLR anomalies and vertical wind profiles over the tropic
onto the interbasin SST contrast. Figure S4 shows the geopotential height at 500 hPa, 850 hPa
and low-level wind anomalies derived from the South China Sea (SCS) forcing experiment in
LBM.
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As shown in Figure S4a, the SCS forcing experiment produces strong positive mid-level
geopotential height anomalies over the Bay of Bengal in response to diabatic cooling over the
SCS. The spatial patterns of anomalous mid-level geopotential height over the North Pacific are
similar to those derived from the ALL forcing experiment. However, an anomalous low-level
anticyclonic circulation appears over North America and an anomalous low-level cyclonic
circulation over the CS (Figure S4b). These patterns are nearly opposite to those derived from
the ALL forcing experiment and NCEP2, suggesting that the anomalous diabatic cooling over
the SCS does not explain the strengthened NALLJ in the ALL forcing experiment.



Table S1. The correlation coefficients for combinations of Atlantic warm pool SSTAs (AWP
SSTA; 80°W —40°W, 10°N — 25°N), tropical Pacific SSTAs (PAC SST; 160°E — 160°W, 0° —10°N),
normalized interbasin SSTA contrast (PAC SST — AWP SST), OLR anomalies over the Caribbean
Sea (CS OLR; 90°W —70°W, 10°N - 20°N) and U.S. precipitation (90°W —70°W, 30°N — 40°N)
during ASO. Stars (*) and bold numbers indicate that correlation coefficients are statistically

significant at the 95% and 99% levels based on a Student's t-test, respectively.

AWP SST PAC SST Interbasin SST CS OLR U.S rainfall
AWP SST 1 -0.01 -0.58* -0.23 -0.35*
PAC SST 1 0.80% 0.60* 0.31*
Interbain SST 1 0.63* 0.39*
CS OLR 1 0.45%
U.S rainfall 1
Table S2. This table is the same as Table S1 but for JJA.
AWP SST PAC SST Interbain SST CS OLR U.S rainfall
AWP SST 1 -0.01 -0.74* -0.54* -0.19
PAC SST 1 0.79* 0.32 0.09
Interbain SST 1 0.55* 0.18
CS OLR 1 0.25
U.S rainfall 1
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Figure Sa. (a) Correlation between U.S. precipitation (90°W —70°W, 30°N — 40°N) and SSTA in
JJA for 40 years (1979-2018). (b) Correlation between interbasin SSTA contrast and
precipitation in JJ (shaded). The contour lines show the correlation between the interbasin
SSTA contrast and OLR anomalies in JJA. Purple dotted areas are statistically significant at the
95% level based on a Student’s t-test.
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Figure S2. Partial correlation of OLR anomalies (shading) to (a) PAC SST and (b) AWP SST
indices during 1979-2018. To help visual comparison, the sign of AWP SST index is reversed.
Purple dotted areas in (b) are statistically significant at the 95% level based on a Student’s t-
test.



sonL0)_Regr. SST on CS OLR (CESM-LENS)

20N4°
10N
EQd:

10S 1

20S y T T T T T .
120E 150E 180 150w 120w 90w 60w 30w

| ] | ] |
-0.5 -0.4 -0.3 -0.2 -0.1 O 0.1 02 03 0.4 05

(b) Reg. omega & Uwind to interbasin SST
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Figure S3. (a) Regression coefficients of SSTAs (shade) onto CS OLR anomalies in ASO derived
from 1,100-year CESM-LENS. Purple dotted areas are statistically significant at the 95% level
based on a Student’s t-test. (b) Regression of tropical (10°S-20°N) pressure velocity (omega,
positive value is ascending motion, shaded, 1000 Pa s-1) and vertical-zonal wind profile

(streamline) onto the interbasin SSTA contrast derived from CESM-LENS.
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Figure S4. (a) Geopotential height at 500 hPa (shaded, gpm) and (b) geopotential height
(shaded, gpm) and wind anomalies at 850 hPa (vectors, m s-1) derived from the SCS forcing
experiment. Contour lines indicate the diabatic forcing in the LBM experiment.
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